
�����������
	���������������������
�����
� ��� ! "#	��$�
	����
�%����&'�%�(��)��+*,�%���-�

. �0/1�
	����32��4/��5���$687+�0�9����:;����<��=���

> ?#@BA C�D EF?#GIH#J
GLK M GONLPRQ D ? STD ? D H U GWVXK Y Q[Z]\ ^ NL? _ GLK`N8J
a�bdceGWVLGIJ f g C @BGW? _ GW?
hjilknmOoeprqsietup-vxw�y{z}|I~#� � ~#�T��tu����ieo#~#�rpr|�vxw���� � z}���8mOt��$��tut���o�� v�o���� � z}���}m�t��u�}�}���O�0�[�O�n�

� ������ �¡ ¢  ¤£¦¥L§X¨�©�©�¥ ª

«¬5®O¯}°8±$²�¯

³  �£   ´ ��£ µsµ ¶d �·n¡s¸�¹º¹¼»�½�¾[¹� À¿¼ÁF£%¸�ÂÃ·nÄ¤¸Oµ0µ0 ¤£#Åº½�¾Äe£%�[Æ Æ�Æ0 �Äeµ Å��[½�Ç�£%�[¡(Äe�[¡ ´ �[Æ Å�Á
µ Å��[½�ÈÊÉdÄeµ Éd¸Oµ Å��[½uÆ�Åº½�µ ¶�  ¢ Åº½u¸O£ Â�¡ËÅ Ì µ É�£  =½�ÁÍ¶�  Ì ¸�½d  Î ½dÅ�µ0£ � ¢  �½ Ï  �½� {½� �¸O£�Å�µ Æ4Äe£%Å�µ ÅÐÄ¤¸�¹
´ �[ÅÐ½}µ¤Ñ ³ Åºµ ¶dÅº½�  Ì ´  ¤£%Åº¡Ò �½8µ ¸�¹Ó ¤£ £%��£�§�µ ¶d  Ô ¸Oµ ¸Õ¸�½d¸�¹�ÂnÆ ÅºÆ���Ç-µ ¶� ;¡Ò �¸�Æ É�£%  Ô Æ0µ0£%ÉuÄÖÁ
µ É�£  TÇr¸�Äeµ0��£�Æ ¶��W×¼Æ¼µ ¶u¸Oµ¼µ ¶� �Åº½8µ0 �½dÆ Å�µØÂ�¸�½ Ô Äe��£ £  �¹Ð¸Oµ Å��[½À¹º �½�¾�µ ¶dÆ Ô Å��� ¤£ ¾� �×¼Å�µ ¶�µ ¶� 
  Ì ´  �Äeµ0  Ô ÙOÚ¼ÁFÛxÆ Åº½d¾ÜÄe£%Å�µ ÅºÄ¤¸�¹¼  Ì ´ �[½� �½8µ Æ¤Ñ ³   ´ £  �Æ0 �½8µs¸�½�¸ ´d´ £ � Ì Åº¡s¸Oµ0 Ý£  �¹º¸Oµ Å��[½
Ç���£ ´ £%  Ô ÅºÄeµ Åº½�¾;Æ Ä¤¸Oµ0µ0 ¤£%Åº½d¾;£#¸Oµ0 �Æ1Åº½Õ¸�½�¿¼ÁF£%¸�ÂÕÞ=¶���µ0�[½Üß���£ £% �¹º¸Oµ Å��[½]· ´  �Äeµ0£ �[Æ Äe� ´ Â
� ¿�Þ{ß5· ª   Ì ´  ¤£%Åº¡Ò �½8µ��[½¸ ¢ Åº½d¸O£ ÂÀÈÊÉdÅ Ô ¡ËÅ Ì µ É�£  �Ñ ³  �àÊ½ Ô µ ¶d¸Oµ1µ ¶� ;Æ Ä¤¸Oµ0µ0 ¤£%Åº½�¾
Ç�£ �[¡áÄe�[¡ ´ �[Æ Å�µ Åº�[½]ÈÊÉuÄeµ Éd¸Oµ Å��[½dÆjÅº½µ ¶� ;¡sÅ Ì µ Éd£  �½nÁÍ¶d  Ì ¸�½�  Î ½uÅ�µ0£ � ¢  �½ Ï  �½� �§�×¼¶d �½
Æ Ä¤¸�¹�  Ô ÇB��£=¸�Äe�[¶� ¤£  �½8µÓÈÊÉ Ì ��Ç�¨�¨OÑ â ã� ¤äå¿�ÁF£%¸�ÂnÆ�  æ Éd¸�¹uµ0��¨Oçè©5é;¨ â ê ë ´ ¶ Î Æ În� ìIí`¡ ª îO§
×¼Åº¹º¹9ÂnÅ� �¹ Ô ¨ â Á%¨ â�âs´ ¶ Î Æ Î Æ ´  �Ä ãn¹� �ÇB��£5µ0 �¡ ´  ¤£%¸Oµ É�£% �Æ-×¼Å�µ ¶dÅÐ½Õ¨�ïeßÃÇ�£ �[¡+µ ¶� TÄe£%Å�µ ÅÐÄ¤¸�¹
µ0 �¡ ´  ¤£%¸Oµ É�£  �¸�½ Ô ¸ð¨�Ä¤¡ñµ ¶dÅºÄ%ãÆ ¸�¡ ´ ¹� �ÑÜ»�¹�µ ¶��[É�¾[¶òµ ¶� ÝÄe��£ £% �¹º¸Oµ Å��[½�µ Åº¡Ò �Æ�¸O£  
£  �¹º¸Oµ Å��� �¹�ÂÒÇr¸�Æ0µ¤§�µ ¶� ¦Æ Ä¤¸Oµ0µ0 ¤£   Ô Åº½}µ0 �½uÆ Å�µÍÂ ´  ¤£{Æ ´  �Ä ãn¹�  ´  ¤£�Äe��£ £% �¹º¸Oµ Å��[½;µ Åº¡Ò ¦×¼Åº¹Ð¹ ¢  
Æ Énó�Ä¤Å� �½8µjµ0��Æ µ É Ô Â�µ ¶� �Äe£%Å�µ ÅÐÄ¤¸�¹ Ô Ân½d¸�¡ËÅÐÄ¤ÆT��Ç�¸À¹��W×+¡Ò�[¹� �Ä¤Éd¹Ð¸O£�×� �Å�¾[¶8µ�¡sÅ Ì µ Éd£  
Æ ÉdÄ%¶À¸�Æ¼µ ¶uÅºÆ5×¼Åºµ ¶�¿�Þ{ß5·�ÅÐ½Ý¸Ë£%¸�½d¾� T��Ç�×{¸��� ¤�� �Äeµ0��£�ÅÐ½d¸�Ä¤Äe �Æ Æ Å ¢ ¹� �µ0�s�nÅºÆ Å ¢ ¹� �¹ºÅ�¾[¶8µ
Þ�ß5·9Ñ
Þ9»¼ß¼·�½8Éu¡ ¢  ¤£ � Æ ª#ô õIö�Ñèõ â Ñø÷d£�§
õn¨OÑº¨ â Ñøù æ §�õIö�Ñ úIâ Ñ û ¸n§�õn¨OÑèü�ìLÑøù�¡

M ZuýXGIH#GWc D HÖ@�J
þ Y > ÿ M > �

�



� � � �����
	������� � 	��

C�D GÒceQÝc U G ^ NL?ÖþnGÒAWQ U GW?ÖGIJ�c�� D �ÜQLE=c U @�?Öa]þnGWJ
GI?ÖN8ce@�QnJ]H#ZuJ
A U ?#QLce?#QnJòH#Q D ?ÖAWGIHWKXc U GscÖGIA U J9@�� D GsQLE
� � ?eNOZ �-U QLcÖQnJð\�QL?Ö?ÖG ^ N8cÖ@BQnJbÊýXGIA�ce?#QnHÖAWQný�Z�� � � \�b���@BH1J
Q���ýXGI?%EFQn?ÖPRGIaÜQnJ�N8J@�J
AI?#GONLH#@BJ
þ�V8NL?Ö@�GWc0Z
QLEsHeN8PÀý ^ GIH�� � �"!$# g % J�NLJ � � \�b'G&�9ýXGI?#@BPRGIJ�cOKTQnJ
GðH%c D a9@BGIHÀc U G�cÖ@BPRGòAIQL?Ö?ÖG ^ N8cÖ@BQnJ,E D J
A�ce@BQLJ QLE
� D A�c D N}ce@BQLJ
HjQLE-NÕHÖýXGIA _ ^ G;ý�N8cÖcÖGI?#J'� ( # K)� U @BA U @�H�ý9?ÖQua D AIGWa*� U GIJ N,+�GINLP�QLE-AIQ U GI?#GIJ�c � � ?eNOZuH�@BH
HÖAIN8cÖcÖGI?#GIa-+�Z�H#ý�N8cÖ@rN ^ @BJ U QnPÀQLþnGIJ
GW@�cÖ@BGIHË@�JÃNòPÀN8ceGW?Ö@BN ^ g � � \�b U NLH�c U G�N.+
@ ^ @Ðc0Z�ceQ�PRGON8H D ?#GÀc U G
H ^ Q���?ÖG ^ N$�9N8cÖ@BQnJÜ?eN8cÖG�Q8E{c U G�a9ZuJ�NLPR@BAËH#cÖ? D A�c D ?#G;EÍNLA�ceQn?1QLE-PÀN8cÖGI?Ö@BN ^ H�Q�VLGI?�N/�1@Ba
G�?eNLJ9þnG�Q8E{ce@�PÀG
HÖAIN ^ GWH0� �,1 H � � 2.232 H4�s@�J�NLJ9a�Q D c�QLE¦c U GI?#PÀQua9ZuJ�NLPR@BA�G5� D @ ^ @�+
?#@ D P N8c6��NOVnG�VnGIA�ceQn?#HÝ@BJ�NLAWAIGWHÖHÖ@7+ ^ G
ceQ�Vu@�HÖ@�+ ^ G ^ @Bþ U c8� 2 g 232 9 � : ;<�=�ê ��g M�U G�cÖGIA U J
@7� D GÝQLE-Vu@BHÖ@7+ ^ G � \�b>� ? # N ^B^ Q@��GIa�EFQL?jþn?#GON8cËN8a9V8NLJ
AIGWH
@BJòQ D ? D J9a
GI?#H#c¤N8J
a
@BJ9þÜQ8E�aÊZÊJ
NLPÀ@�AON ^ AI?#@�cÖ@BAON ^ ý U GIJ
QnPRGIJ
N9g � � \�b�G �Êý�GW?Ö@�PÀGWJdcÖHÒH U Q D
^ aðG&�9ý
NLJ
a
Q D ? D J
a
GI?#H#ceNLJ
a
@�J
þ]QLE¼H U Qn?%c ^ GWJ
þLc U H#AON ^ G8� D A�c D N8cÖ@BQnJ9HIKÓNLHA��G ^�^ NLHÒGIJ
N.+ ^ @�J
þ�H%c D a
@�GIHÒQLE�Qný�NB� D G
PÀN8ceGW?Ö@rN ^ H ^ @ _ GÒPÀG�c¤N ^ N ^B^ Q�ZuHIg

C QnH%c¦QLE4c U GT?ÖGIH D
^ cÖH�?#GIýXQn?#cÖGIaÀcÖQ;a�N}ceG U NOVnG�+XGIGWJ�ýXGI?#EFQL?ÖPRGIaÕQLJÕH#ZuH%ceGIPRHD�1@Ðc U N ^ N8?ÖþnG ^ GWJ
þLc U
HÖAIN ^ GÒPR@BAW?ÖQnH%ce? D AWc D ?ÖG�� U @BA U þn?ÖGIN8c ^ ZÕGWJ U NLJ
AWGIH1c U GÒH#AON8c#ceGW?ÖGIaÜ@BJ�cÖGIJ
H#@�c0Z�a D GÒceQ�c U GsAWQ U GW?ÖGIJ�c�NLa �
a
@Ðce@BQLJRQ8E�c U G�H#AON8c#ceGW?Ö@BJ9þsEF?#QnP c U G ^ NL?ÖþnG�J D P
+�GW?�QLE4N8ceQLPÀH-@�JRc U G1PÀ@�AI?ÖQLH#ce? D AWc D ?ÖG8g M�U @�H¼@�J
A ^�D a
GWH
NLþnþL?ÖGIþnN8ceGÒH%ZÊH%ceGWPÀH�H D A U NLH1AIQ ^�^ Qn@�a
HE� : K F K G # NLJ
aÜý�Q ^ ZuPÀGW?�PÀ@�AIG ^�^ GWHE� H # K�H#ý
@BJ9QÊa�N ^B^ ZÀa
GWAIQnPRý�QLHÖ@BJ9þ
H#ZuH%ceGIPRH�H D A U N8H�HÖQua
@ D PI+XQn?#QnHÖ@ ^ @BAIN8ceGÝþ ^ NLHÖHJ� � 2 # K{NLJ
a H#ZuH%ceGIPRH8�1@�c U NLJ�ce@�ý U NLH#G�a
QnPÀNL@�J
H�H D A U
NLHTPÀG�c¤N ^ N ^�^ Q�ZuH6� � K 9 K �3�K# g f @�J�NL?#Z]PR@L�uc D ?ÖGWHTQ8E-HÖPÀN ^B^ PRQ ^ GIA D9^ NL?M��GI@�þ U cN� D @Ba
H U NOVnG�P D A U EÍNLH%ceGW?
� D A�c D N}ce@BQLJ
HO� 1 H�cÖQ]HP��KÓN8J
aðc U G�Z�c0Zuý
@BAIN ^B^ ZòH#AON8c#ceGI?ËPRQn?ÖG6��GIN _ ^ Z�c U NLJ H#ZuH#cÖGIPRHËH#c D a
@BGWa ý
?#GWVu@ �
Q D H ^ ZLg < HjH D A U K$c U GWZÜ?ÖGWý
?ÖGWHÖGIJ�csNLJò@BPRý�Qn?%c¤NLJ�c�cÖGIH#c�QLE{c U G;þnGWJ
GI?ÖN ^ N8ý
ý ^ @�AON.+9@ ^ @Ðc0ZÕQ8E � � \�bÜceQ�N
�1@Ba9GËV8NL?#@BG�c0Z�QLE=PÕN}ceGI?#@rN ^ HIg

% Jc U @BH1ý�NLýXGI?Q��G;?ÖGWý�QL?#c1c U GsHÖAIN8cÖcÖGI?#@BJ
þR?eN8cÖG�Q8E{AIQLPÀýXQnHÖ@Ðce@�QnJJ� D A�c D N8cÖ@BQnJ9H�@�JòN/+
@BJ
NL?#Z�PR@L� �
c D ?ÖGLK�J � U G �9NLJ
GR�l\ S&T êVU �ÝN8J
a J9@�ce?#Q3+XGIJ�WWGIJ
GR�l\ S&T�X¤S Y î ��K�PÀGINLH D ?ÖGIa'�1@�c U buPÕN ^�^ < J9þ ^ G � � ?eNOZ
bÊAIN8cÖcÖGI?Ö@�J
þZ�lb < � b���QnJ,NðHeN8PÀý ^ G�N8c�c U G]AI?Ö@Ðce@�AON ^ AIQnPRý�QLHÖ@�cÖ@BQnJ$g < ^ c U Q D þ U HÖ@�PÀý ^ GJ+
@�J�NL?%ZR� D �
@Ba9H U NOVLG�+XGIGIJ�H#c D a
@BGWa�G �ucÖGIJ
H#@�VnG ^ Z[+�Z ^ @Bþ U c�NLJ9a�J
G D ce?#QnJ�H#AON8c#ceGI?#@BJ
þÜceGWA U J
@�� D GWH\� � : K � F # K=QnJ ^ Z
QnJ
G�b < � bòG �ÊýXGI?Ö@�PÀGWJ�c U NLHN+�GWGIJð?#GIýXQn?#cÖGIa ]4^P_P^ ` acbed�QnJf+
@BJ�N8?#Z\� D @�a
H�NLJ9a�@�c�a
@BaòJ
QLc�ý
?ÖQ�Vu@Ba
G�N
a
G�ceGI?#PÀ@�J�N8cÖ@BQnJQLE-c U GÝNB+
HÖQ ^�D ceG�HÖAIN8cÖcÖGI?Ö@�J
þ�@BJ�cÖGIJ
H#@�c0ZÜEF?ÖQnP AIQnPRýXQnHÖ@Ðce@BQLJg� D AWc D N8ce@�QnJ
H/� �h9.# g % cÒ@BH
N ^ HÖQ�@BJ�cÖGI?ÖGWH#cÖ@BJ
þ�ceQ�ýXQn@�Jdc¦Q D c�c U N8c1a D GÒceQ�c U GÒG �uce?#GIPRG ^ Z�HÖPÀN ^�^ HÖQ D ?ÖAWGsH#@�WWGÒQLE=c U @B?#a�þnGIJ9GI?eN}ce@BQLJ
H#ZuJ
A U ?ÖQLcÖ?ÖQnJ�H#Q D ?#AIGIH¦NLJ
aÀc U GI@�? ^ NL?#þnG1@BJ
AW?ÖGON8HÖGT@BJO+
?Ö@ ^B^ @BNLJ
AWG¦Q�VnGI? ^ N.+XQn?ÖN8ceQn?%Z�H#Q D ?ÖAWGIHWK9Q D ?¼G �ÊýXGI? �
@BPRGIJ�ci�¦N8H;ýXGI?#EFQL?ÖPRGIa[�1@Ðc U P D A U +XGWc#ceGI?�?ÖGWHÖQ ^�D ce@�QnJ c U NLJÃý9?ÖGWVu@�Q D H6��Qn? _ a9QnJ
GÕQLJ N?#QLc¤N8cÖ@BJ
þ
NLJ
Qua
G¼HÖQ D ?ÖAIGD� U @BA U ��NLH=ý�GW?#EFQn?#PÀGWa6�1@�c U cÖ@Bþ U c=AIQ ^�^ @BPÀN8cÖ@BQnJ�@�J�QLJ
G�a
@�?ÖGWAWce@�QnJ4K$+ D c�J
QjAWQ ^B^ @BPÀN8ce@�QnJ
@BJ�c U GËQLc U GW?1ý�GW?ÖýXGIJ
a
@�A D
^ NL?¦a
@�?ÖGWAWce@�QnJ[� �K9.# g M�U @BH1HÖ@�PÀý ^ @7j�GWH�c U Gsa
N8c¤NÝNLJ�N ^ ZuHÖ@�H�AIQnJ
H#@Ba
GW?eN.+ ^ Zng

M�U G�PR@L�uc D ?ÖGËQLE-J � U G �9NLJ9G�NLJ
aJ
@�cÖ?ÖQ3+XGIJkWIGIJ9G U NLHjNÀ?#G ^ N}ce@�VLG ^ Z U @Bþ U � � ?eNOZ]AIQLJdcÖ?eNLH%c�PÀN _ @BJ
þ
@�c�N]þnQuQÊa A U Qn@�AIGÝEFQn? � � \�b�g < H���GÀH U Q��l+XG ^ Q��ËKm� U GWJ�c U GÀPRGONLH D ?ÖGWa�AW?ÖQnH#H�H#GIAWcÖ@BQnJ @BHËHÖAIN ^ GWa
EFQn?ÕN�AIQ U GI?ÖGWJ�cJ� D � QLE �3� g 2 _ G ÿ � � ?eNOZuHÕG5� D N ^ cÖQ �3n ? o � 2 ê ë ý U p H p � H 1 PJ� î K�@�cÀH U Q D
^ a ZÊ@�G ^ a
NÃHÖAIN8cÖcÖGI?#@BJ
þ ?ÖN8ceG�Q8EsN.+�Q D c � 2 � � 232 ý U QLcÖQnJ p H p HÖýXGIA _ ^ GðEFQn?ÕN�ceGWPÀýXGI?ÖN8c D ?#Gf�1@�c U @BJ � ï \ EF?#QnP
c U G�AI?Ö@Ðce@�AON ^ ceGWPÀýXGI?ÖN8c D ?#G]NLJ
a-�1@�c U N � AIP c U @BA _ HeNLPRý ^ G8g�Y D ?;PÀGINLH D ?#GIPRGIJ�ceHÝH U Q��ác U N8c�@�c
�1@ ^�^ +XG�EFGONLH#@�+ ^ G;ceQ D H#G � � \�b�ceQ]H%c D a9Zðc U GÝa9ZuJ�NLPR@BAWHÒQLE�G�VnGWJ�H D A U ��GON _ H#AON8c#ceGI?#GI?#H�N8HËc U GIH#G
^ Q�� PRQ ^ GWA D
^ NL?i��GI@�þ U c U Zua
?ÖQuAONL?q+�QLJ'� D @Ba PR@L�uc D ?ÖGIHWg M�U @BH;E D ?#c U GI?�a
GWPÀQnJ9H#ce?ÖN8ceGWH;c U G�þnGIJ
GW?eN ^
NLý
ý ^ @BAIN.+
@ ^ @�c0Z]Q8E � � \�b�ceQNJ�1@Ba
G�V8NL?Ö@�GWc0ZðQ8E�PÀN8ceGW?Ö@BN ^ HWgÝb D A U PÀGINLH D ?#GIPRGIJ�ceHE�1@ ^B^ N ^ HÖQ�GWJ�N.+ ^ G
ceGWH#cÖH¼Q8E�c U G�a9ZuJ�NLPR@BAWH-QLE$AW?Ö@Ðce@BAIN ^ � D AWc D N8ce@�QnJ
H5N8c U @Bþ U GW?r��N�VLGWVLGIAWcÖQn?�c U NLJÝý
?ÖG�Vu@BQ D H ^ Z�NLA U @BG�V8N.+ ^ G
+�Z�Vu@BH#@�+ ^ G ^ @Bþ U c � \�bXg

:



�K� �s��t,u�	��wvyx6�,�y�6xz�{xyx
�,x
|kv }��K}

f @BJ
NL?#ZÝPR@L�uc D ?ÖGIH�NL?ÖGT@BJRc U G�HeNLPRG D J
@�VLGI?ÖHÖN ^ @Ðc0ZÝA ^ NLHÖH�NLH�c U G FnC~% HÖ@BJ9þ;PRQÊa
G ^ � � : K �h9 K � F # g M�U G
H#cÖ? D A�c D ?#GÀEÍNLA�ceQn?ÒEFQn?ËH#AON8c#ceGI?#@BJ
þÜEF?ÖQnP AIQnJ
AWGIJ�ce?ÖN8ce@�QnJ[� D AWc D N8ce@�QnJ
HsQLE�Ng+
@BJ
NL?#ZðPR@L�uc D ?ÖGÝAON8JR+XG
�1?Ö@ÐcÖcÖGIJÜNLH

� �c�"� � � � ��� � ���,�c� � �&� � � �
� U GW?ÖG,��� � �Ò@�HËN�HÖAON ^ @BJ9þ�E D J
AWcÖ@BQnJ$K M c U G�cÖGIPRý�GW?eN8c D ?ÖG8Km� c U GÝQnH#PÀQLcÖ@BA�AWQnPRý
?ÖGWHÖHÖ@7+
@ ^ @�c0ZLK��òc U G
��N�VLGWVLGIAWcÖQn?ðNLJ9a � c U G AIQn?#?ÖG ^ N8ce@�QnJ ^ GWJ
þLc U QLEsc U G AWQnPRý�QnH#@�cÖ@BQnJ�� D AWc D N8ce@�QnJ
H[� � : # g S GONL?�c U G
AI?#@�cÖ@BAON ^ ýXQn@BJ�c�Q8E�N�AWQnJ�ce@BJ D Q D H�ý U NLH#GÒce?eN8J
HÖ@Ðce@BQLJ4KÊPÀNLJ�Z�ý U ZuH#@BAON ^ ý
?ÖQLý�GW?#ce@�GIH�QLE=N�H#ZuH%ceGIPáAONLJ\+XG
G �Êý
?#GIH#HÖGIa NLH�ý�Q���GI? ^ Nh�1H�QLE-c U G�?ÖGWa D AIGWaðceGIPRýXGI?eN}c D ?#G6�Q� � � � �r� � K)� U GI?#G M ��@BHTc U G�AW?Ö@Ðce@BAIN ^
ceGWPÀýXGI?ÖN8c D ?ÖGLg

� ?ÖGWVu@�Q D H ^ @Bþ U c1H#AON8c#ceGW?Ö@BJ9þÕPRGONLH D ?ÖGWPÀGWJdcÖH�QLJJ � U G �9NLJ9G p J
@Ðce?#Q3+�GWJ�WIGWJ
G;PR@L�uc D ?ÖGWH�a
G�ceGW?ÖPR@BJ
GWa
c U N8cÕc U GòAWQn?Ö?#G ^ N}ce@BQLJ ^ GWJ
þLc UZ� � � ë � = � KM�1@�c U � � 2 n G3F H � 2 n 232 H N8J
a c U G*+�NL?#GòAIQL?Ö?ÖG ^ N8cÖ@BQnJ
^ GWJ
þLc U�� ë � F n H 9 � 2 nL� H ;< g M�U GRQnHÖPRQLce@�A�AIQnPRý
?#GIHÖH#@�+
@ ^ @Ðc0Z�@BHÒEFQ D J
a cÖQH#AON ^ GÀN8H6� � � =�� �1@�c U
� � �3n : F � 2 n 2 � � � : # g S QðG �9NLA�cRNLJ�N ^ Zdce@BAIN ^ G �Êý
?ÖGWHÖH#@BQnJ,@BH _ J
Q��1J EFQn?��,� � ��EFQL?�c U G FnCy% HÖ@BJ9þ
D J
@ÐVnGW?ÖHeN ^ @�c0Z A ^ NLH#H0� � : K �h9 K � F # g � GÀHÖ@�PÀý ^ ZðPRQÊa
G ^ @�ci�1@�c U NLJ-Y�?#J
H#cÖGI@BJ � � GI?#J
@BA _ GÀEFQn?#PI��� � �
�
� ��� � î � =�ê g{bÊ@BJ
AWG�@�J�Q D ?=G&�Êý�GW?Ö@BPRGIJ�cIK � � F K8c U GwYÒ?#J
H#cÖGI@�J � � GW?ÖJ
@�A _ G�EFQL?ÖP�@BHÓPRQn?ÖG-c U NLJ�N8a
GK� D N8cÖG
ceQÝPRQÊa9G ^ �,� � ��� � F # g M�UuD HTc U GËPÀGINLH D ?#GIaÜHÖAIN8cÖcÖGI?Ö@�J
þR@BJ�ceGWJ
HÖ@Ðc0ZnK � �c�"� � ��KÊAONLJg+�GE�1?#@�cÖcÖGIJ

� �c�"� � ��� � ë � =��
�D� � î � îë � =uî �

� � �c�.� � � : �

� U GW?ÖG � �V�3�1@BJ
A ^BD a
GWHjý�N8?eNLH#@�ce@�A�H#AON8c#ceGW?Ö@BJ9þÕEF?ÖQnP QLc U GI?�PÕN8cÖGI?#@rN ^ HT@�Jòc U G � � ?eNOZg+�GINLP(ý
N8c U N8J
a
NÀcÖGIPRý�GW?eN8c D ?ÖG�@BJ
a
GWý�GWJ
a
GWJdc�H#ce? D AWc D ?ÖG�EÍNLAWcÖQn?TEF?#QnP�GONLA U Q8E{c U G;@BJ
a
@ÐVu@Ba D N ^ AIQnPRý�QLJ
GIJ�ceH�QLE-c U G
PR@L�uc D ?#GLg % W D PR@ � �K9.# U N8H�ý�Qn@�J�ceGIa�Q D c¦c U GÒ@BPRý�Qn?%c¤NLJ9AIGjQ8E=PRGON8H D ?#@BJ
þ�c U @BHM+
NLA _ þn?ÖQ D J
a]AONL?#GWE D
^�^ Z
+�Z�PRGON8H D ?#@BJ
þÜc U G�H#AON8c#ceGW?Ö@BJ9þòEF?ÖQnP GINLA U @BJ
a9@�Vu@Ba D N ^ AIQnPRýXQnJ
GIJ�c;@BJ�c U GÕHÖNLPÀý ^ GÕAWG ^�^ NLJ9a�c U GWJ
PRQÊa
G ^ @�J
þc U G0+�NLA _ þn?#Q D J
aåEF?ÖQnP c U G�@�J
a
@ÐVÊ@�a D N ^ AIQLPÀýXQnJ
GWJdcÖHÝNLHÝNf��GI@Bþ U cÖGIa NOVnGI?ÖNLþnG]QLE1c U GI@B?
@BJ9a
@�Vu@Ba D N ^ +
NLA _ þn?ÖQ D J
a
HIg

bÊ@BJ9AIGÝ@�cÒ@�HÒa
@7¡RA D
^ cÒcÖQÜPRGON8H D ?#G f �c�¢��ý
?ÖQnýXGI? ^ ZLK���GRA U QnH#GÀN8J
QLc U GI?sNLý
ý
?#Q�NLA U ceQ]PRQÊa
G ^ c U G
PRGONLH D ?ÖGWaðH#ce? D AWc D ?ÖG�EÍN8AWceQL?j@BJ�cÖ?ÖQua D AIGWa£+�Z C NLPÀNOZG�cËN ^ gr� � F # g � G D HÖG�c U G�H#AONLJðýXGI?%EFQn?ÖPRGIa N8c
c U G U @�þ U GWH#cËceGWPÀýXGI?ÖN8c D ?#G � ¤�¥§¦�NLHsNÜ?#Q D þ U NLý
ý9?ÖQh�Ê@BPÀN8ce@�QnJðQLE�N\+�NLA _ þn?#Q D J
a HÖAINLJÃNLJ9a[j
cËc U G
a
@L¨$GW?ÖGIJ9AIG

� �V�¢� � �m� � �V�¢� � ¤�¥§¦@�©� � ë �
� =��

�D� � î � îë � =uî �
� � =��¤�¥§¦

�D� � î � îë � =uî �¤�¥§¦ # � � F �

EFQn?ÀN ^B^ c U GòH#AONLJ
HO�1@�c Uª� � � ¤�¥§¦dg M�U @BHÀNLý
ý9?ÖQ�NLA U @BHÕH D ¡RAI@�GIJ�c�� U GWJ � �c�.��@BHÝceGIPRýXGI?eN}c D ?#G
@BJ9a
GIýXGIJ
a9GIJ�c�NLJ
a0��G D cÖ@ ^ @�WIGWa�@�c�@BJ�Q D ?�a�N8c¤N�N8J�N ^ ZuH#@BHIg % J�c U @BHMj
cIK9c U GÒý�NL?eN8PÀG�ceGI?#H � ë K � �¤K � ë K � K
NLJ
a � NL?ÖG�Qný9cÖ@BPR@�WIGWa/+dZRPR@BJ
@�PÀ@7WI@�J
þjc U G�� î QLE$c U G�� U Q ^ GTa�N8ceNsH#GWcIg � G�NL?ÖG�N.+ ^ GTcÖQ;a
GW?Ö@�VLG � �V�3�
+�Z�H D +9ce?ÖNLAWcÖ@BJ
þÝc U GËH#PÕN ^�^ AW?Ö@�cÖ@BAIN ^ H#AON8c#ceGI?#@BJ
þRAIQLJdcÖ?Ö@7+ D ce@�QnJ�EF?ÖQLP c U Gsa
N8c¤NRN8c � ¤r¥«¦dg

�K�5� ��uM¬
�uw� �&® uM�,�{x
| ® uz��t\	E�J�

M�U @BHTG �ÊýXGI?#@BPRGIJ�cQ�¦NLHTýXGI?#EFQL?ÖPRGIaÜQnJÜc U G D J
a D
^ N8ceQL?z+�GINLP ^ @BJ
GËN}c�H#GIA�ceQn? ! Q8E=c U G < a9V8NLJ
AWGIa
�-U QLcÖQnJ bÊQ D ?#AIGLK�QnýXGI?eN}ceGIa¯+�Z CfT < M�M � \ < M K¦c U G�°�J
@ÐVnGW?ÖHÖ@Ðc0Z QLE C @�A U @Bþ�N8J p T Q���NL?Öa¯°TJ
@�VLGI? �
HÖ@Ðc0Z p ±�D AIGWJdc M GWA U J
Q ^ Qnþn@BGWH � f G ^�^²± N.+
H¦\�Q ^B^ N.+XQn?eN8cÖ@�VLG < AIAWGIHÖH M GON8Pg M�U G�E D J
a�NLPRGIJ�ceN ^ GWJ
GI?#þLZÀQLE

F



÷$Û«³jÑ�¨OÑ©´5¶� �  Ì ´  ¤£%Åº¡Ò �½8µ ¸�¹�Æ0 ¤µ¼É ´ Ñ

c U G D J9a D
^ N}ceQn?���NLH�H#GWc�N8c �3� g 2 _ G ÿ g M�U G � � ?eNOZuH�þnGWJ
GI?ÖN8ceGWa�+�ZÝc U G D J
a D
^ N8cÖQn?{��GI?ÖGTce?ÖNLJ
HÖPR@�c#ceGWa
c U ?ÖQ D þ U NòAIQLPÀPR@BH#HÖ@BQLJ
@BJ
þ0�1@�J
a
Q��ËK{ý
?#GIHÖGWJ�c�EFQn?;@�HÖQ ^ N8ce@�QnJ QLE�c U GRV8NLA D
D P QLE�c U GÕH%ceQn?ÖNLþnGÀ?Ö@BJ9þ
NLJ
a�cÖQÀNB+
HÖQn?q+�c U GÒýXQ���GW?T@�J�c U GËH#QLE c � � ?eNOZ�?ÖNLJ
þnGÒQLEÓc U GÒHÖýXGIA�ce? D P GIPR@�cÖcÖGIa0+�Z�c U G D J
a D9^ N8cÖQn?Ig
µ Q D ?��¦N}ceGI?;AIQuQ ^ GWa : H 9¶1 P c U @�A _ f ? D H U � � G ^�^ PÀNLJ %«µ � � f G,�1@�J
a
Q��1H�NL?#GÕN ^ HÖQý
?ÖGWHÖGIJ�cÝ@�J c U G
+XGONLP ^ @�J
GLK[c·��QÒQ8E�� U @BA U @�HÖQ ^ N8ceG5c U G¦PÀQLJ
QÊA U ?ÖQnPÀN8ceQL?ÓEF?#QnP�c U G�?ÖGWH#c-QLE�c U GM+XGONLP ^ @�J
G5AIQnPRýXQnJ
GIJ�cÖH
NLJ
aÜc U G�QLc U GI?1c·��Q�N8?ÖG6�1@Ðc U @�JòNÝEFG5�+PRGWcÖGI?ÖHTQLE{c U GsG �Êý�GW?Ö@�PÀGWJdceN ^ HÖGWc D ý4g M�U GWHÖG
�1@�J
a
Q��1HN�1@ ^B^
+XGÒ?ÖGIPRQ�VnGWa@�J�c U GÒJ
GINL?¦E D c D ?ÖGËN8E cÖGI?¦c U GÒAIQnPRPR@BHÖH#@BQnJ9@BJ
þ�QLE=N ^B^ c U GE+XGONLP ^ @�J
GjAWQnPRý�QnJ9GIJ�ceHWg < ^ �
c U Q D þ U H#GWVnGW?eN ^4f G��1@BJ9a
Q��1HM��GW?ÖGÒý
?#GIHÖGWJ�c1@BJÕc U GA+XGONLP ^ @�J
GLK�c U G %«µ � � þn?eNLa9G f G U N8HM+�GWGIJ�EFQ D J
a
ceQ,+�G�QnJ
G�Q8E{c U Gsc U G6+�GWH#cÒPÀN8cÖGI?Ö@BN ^ H¦cÖQ D H#G�EFQn?�PÀ@�J
@BPR@�WW@BJ
þ;c U G;ý
NL?eNLH#@�cÖ@BA�b < � bòþnGIJ9GI?eN}ceGIaf+dZ
�1@BJ9a
Q��1H
� � H # g

M�U G]E D
^B^ G&�uceGIJ�cÕQLE�c U G � � ?ÖNOZ-+�GINLP¸��NLHR@BJ
AW@Ba
GWJdcRQnJåQ D ? ^ @�� D @�a J
@�cÖ?ÖQnþnGWJåAIQuQ ^ GWa a
Q D + ^ G
AI?%ZuH#c¤N ^ bÊ@M� �3�3� �1PRQnJ
QuA U ?ÖQLPÕN8cÖQn?Ig % c���NLH�H#GWc�cÖQ�a
@L¨$?ÖNLAWc �3� g 2 _ G ÿ � � ?eNOZuH�AIQn?#?ÖGWHÖýXQnJ
a
@�J
þÕceQ�N
��N�VLG ^ GIJ
þLc U ¹ ë � �3nL� : !¢� ;< g M�U G�+�NLJ9a
ý�NLH#HTQ8E=c U GÒPÀQLJ
QÊA U ?ÖQnPÀN8ce@�A�H#ý�GWAWcÖ? D Pñ@�H1NLý
ý
?#Qh�9@�PÕN}ceG ^ Z
2 g 2 �h9*º K�� U @BA U H#GWcÖH�Nce@�þ U c ^ QnJ
þn@Ðc D a9@BJ�N ^ ?ÖGIH#Q ^BD ce@BQLJ�QLEQ»O�3¼D� : ½ � ¹ ë o �3n¾9 o � 2 =¿U � !¢n ( o
� 2 =¿U ;<�=�ê g

M�U GÒG �ÊýXGI?#@BPRGIJ�c¤N ^ HÖG�c D ý�@BH�HÖA U GWPÕN}ce@BAIN ^B^ ZRH U Q��1J]@BJ µ @Bþ
g � g � G�AIQ ^B^ @�PÕN}ceGIa�c U GÒPÀQLJ
QÊA U ?ÖQ �
PÀN8ce@�AN+XGONLP @BJÕQ D ?�G&�Êý�GW?Ö@BPRGIJ�ceN ^$UdD cÖA U �1@Ðc U c·��Q � 232 1 Plo � 232 1 PáNLýXGI?%c D ?#GIH�� < � NLJ9a < : @�J
µ @�þ
g � ��a9G5j�J
GWa¶+�Z�H ^ @ÐceH1NLJ
a]H#GIý�NL?ÖN8ceGWa¶+�Z]N8ý
ý
?ÖQh�Ê@BPÀN8cÖG ^ Z � g � Pg < � P ^ QnJ
þ�G�VLN8A D N8cÖGIa\��@Bþ U c
ý�N8c U ceGI?#PÀ@�J�N8cÖGIa�QnJ]GON8A U GWJ
a\+dZ�N � : !
1 P %«µ � � f GA�1@�J
a
Q�� @�H¦ý ^ N8AIGIa\+XGWc·��GIGWJc U G�c·��QÀNLýXGI? �
c D ?ÖGIH�@BJ�Qn?#a
GI?¼ceQ�?#GIa D AIGËNL@�?�N.+9HÖQn?#ý9ce@�QnJ�NLJ9a�HÖAON}cÖceGW?Ö@�J
þ
g M�U GWHÖGÒc·��QÝNLý�GW?#c D ?ÖGWH¦a
G5j
J
GÒN;A U N8?eNLA �
ceGW?Ö@�H#ce@�A¦ce?ÖNLJ
H#VLGI?#HÖGT@BJ
ý D c��¦NOVnG�VnGWAWceQL?�NLAIAWGIý9ceNLJ
AWG�QLE²»O�,�~�DÀ 2 nL� PRP � �3n7� PÁ� H nL� o � 2 =¿U ;<i=�ê K
� U GW?ÖGQ�O� : ½ � ¹ ë � H n H ! ;< =�ê g M�UuD H�c U GWHÖG¦H ^ @ÐceHÂ�1@ ^B^ ?#G«Ã#GWAWc-H%ce?eNOZsý�NL?ÖNLHÖ@Ðce@�A�H#AON8c#ceGI?#@BJ
þTEF?ÖQnP+PRQnH#c
QLE�c U G D ý
H%ce?#GONLPl+XGONLP ^ @�J
G¦AWQnPÀýXQnJ
GWJ�ceH¼@BJ�c U Gz��NOVnGWVLGIA�ceQn?¦?ÖNLJ
þnG1QLE$@BJ�ceGW?ÖGWH#c¼@BJÝc U @�H-G �ÊýXGI?Ö@�PÀGWJ�c
� 2 g 232 F � 2 g 2 : ;<i=�ê ��g � @�c U NH%c¤NLJ9a�NL?ÖaÃNL@B? � j ^�^ GIað@�QnJ A U NLP8+XGI?WKr��GÀPÀGINLH D ?ÖGIaÃNPRQnJ
QuA U ?ÖQnPÀN8cÖ@BA
� D ��QLE !¢nÄ! o � 2 ê ë ý U p H p � � 232 1 P�� î p � 232 P < @�J
AI@�a
GIJ�c�QLJ]c U G�HÖNLPÀý ^ GLg % J�H#GIA�ce@BQLJ < Kk��GÒGIH#cÖ@BPÀN8ceG
Ni� D �ÀQLE �3n H � o � 2 ê0ê ý U p H p � � 232 1 PJ� î p � 2.2 P < EFQn?5c U @BH©+�GINLP ^ @BJ
G�AWQnJkj�þ D ?eN8cÖ@BQnJ$K"� U @�A U @BH��1@Ðc U @�J
?ÖGINLHÖQLJ�N.+ ^ GËNLþn?ÖGWGIPRGIJ�cOg

< c U @�?Öaðþ D NL?Öa H ^ @�c < F HÖG�cscÖQ � H 2 1 P[o � H 2 1 P NLJ
a ý ^ N8AIGIa N8ý
ý
?ÖQh�Ê@BPÀN8cÖG ^ Z : 2 AWPÅ+XG U @�J
a
c U G�H#GIAIQLJ
a�H ^ @�cT@BH D H#GIaòcÖQÀ?#GIa D AIG;ý
NL?eNLH#@�cÖ@BAËHÖAIN8cÖcÖGI?Ö@�J
þÝEF?ÖQnPñc U G�GWa
þnGWHjQLE=c U G�HÖGIAWQnJ
a�H ^ @ÐcOg M�U G
j�?#H#csNLýXGI?%c D ?#G8�¦NLHËN�H%c¤NLJ9a�NL?Öa TTD +�GW?ÒH ^ @�cOg M�U GRH#GIAWQnJ
a NLJ
a�c U @B?Öa N8ý�GW?#c D ?ÖG�GIa9þnGIHA��GI?#GRPÀNLa
G
+�ZRA ^ GINOVÊ@�J
þ 2 g 9 PRP c U @�A _ � � 2.2 � ÆsN < H��¦N8EFGW?ÖHWg % c�@�H ��G ^�^ _ J9Q@�1JÀc U N8cwÆËN < H¼A ^ GONOVnGWHD��G ^�^ @�JRc U @BH

9



−0.020Ç −0.010Ç 0.000Ç 0.010Ç 0.020Ç
q (A

−1
)

10
−12

10
−11

10
−10

10
−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

C
on

tr
as

t
È

÷$Û·³jÑ�üLÑD´¼¶� ¦  Ì ´  ¤£%Åº¡Ë �½}µ ¸�¹�·�»¼¿1·;Äe�[½}µ0£#¸�Æ0µ¤Ñ

a
@�?ÖGIA�ce@�QnJ��1@Ðc U N8ceQnPR@BAIN ^B^ Z\�`N8c�GIa
þnGWHIg M�U GWHÖG�GWa
þnGIHi��QL? _ GWa���G ^B^ J
GINL? �3� g 2 _ G ÿ +XGIAON D HÖGÕc U @BH
GIJ9GI?Öþ8ZÕ@�H¦N.+XQ�VnG�c U G�ÆËN É GIa9þnGLg M�U G 9 232 1 P c U @BA _ J
GWHÖH¦AWQn?Ö?#GIHÖýXQnJ
a9H¦ceQ : F N.+
H#Qn?Öý9cÖ@BQnJ ^ GWJ
þLc U H
N8c �3� g 2 _ G ÿ g

Y D ?ÝH ^ @Ðc < : NLJ
aåc U G]H#Q D ?ÖAWGH#@�WWGN}cRc U G D J
a D9^ N8cÖQn?�a
GWcÖGI?#PÀ@�J
G�c U G�ce?ÖNLJ
H%VnGI?#HÖG�@�J
ý D cÝ?#GIH �
Q ^�D ce@�QnJl»O�.Êxg � G NLý
ý
?#Qh�9@�PÕN}ceG c U G HÖQ D ?ÖAIG H#@�WIGË+�Z c U G G ^ GIAWcÖ?ÖQnJl+XGON8P ?ÖPRHÃHÖQ D ?ÖAWG�H#@�WWG
@BJ c U G U Qn?#@�WWQnJ�c¤N ^ ý ^ NLJ9G-Ì�¦Í� F 232 1 P NLJ
a�c U GÃVLGI?%ce@BAIN ^ ý ^ NLJ
G�Ì�ÎÏ� G 2 1 P � � G # g M�U G
µ � T�C NLJ
þ ^ G�H D +9ceGWJ
a
GIaR+dZðc U GRHÖQ D ?#AIGÀN8c�NÜH#Q D ?#AIG � HeNLPRý ^ GRa9@BH#ceNLJ
AWGRQ8E�N.+XQ D c F H P @BH�c UdD H
Ð ¦E� : n F H Ì�¦ � F H PlÑ : 2 1 ?ÖNLa4Kk� U @ ^ G Ð Î�Ñ 9/1 ?ÖNLa4g M�U GËH ^ @�c�Qný�GWJ
@BJ9þÀN8J
þ ^ G�NLH¦Vu@BG5��GIa]EF?ÖQLP c U G
HÖQ D ?ÖAWG�@�H 2 n7� PRP p F H P�� : g ? 1 ?eN8a4g µ Qn?�H#@BPRý ^ @�AI@Ðc0ZnK
N8a
a
@BJ9þÝc U GÒc·��QÀG5¨�GIA�ceHj@�J\� D NLa
?eN}c D ?#GsZu@BG ^ a
H
NLJ�@�J
ý D c�?ÖGIH#Q ^BD ce@BQLJ*»O�.ÊÒ¦�� �3nL� F o � 2 =¿U ;Ó�=�ê K�NLJ9a£»O�3ÊÄÎ6� : nÄ! H o � 2 = X ;Ói=�ê K²��G ^�^ �1@Ðc U @�Jòc U G
NLJ
þ D
^ NL?¦NLAIAWGIý9ceNLJ
AIGsQLE�Q D ?�H ^ @�cÖHIg

M�U GÕHÖNLPRý ^ G8��NLHËc U GWJ�ý ^ NLAIGWaÃNLý
ý9?ÖQh�Ê@BPÀN8ceG ^ Z G AIP�EF?#QnP c U GRc U @B?#a H ^ @ÐcsNLJ
a�N : g H P ^ QnJ
þ
GWV8NLA D N8cÖGIa���@Bþ U c�ý
N8c U ��NLH D HÖGWascÖQT?#GIa D AIG¼NL@B?$HÖAON}cÖceGW?Ö@�J
þ1NLJ
asN.+
H#Qn?ÖýÊce@BQLJs@�J�EF?ÖQnJ�cÓQLEdc U G-a
GWcÖGIA�ceQn?Wg
< c�c U G�GIJ
aåQLE�c U @BH6��@Bþ U c�ý
N8c U K5N�H%ceGWý
ý�GW?�PÀQ8ceQn?�a
?Ö@ÐVnGIJåa
G�ceGWAWceQL?�H#ceNLþnG�AIQ D
^ a PRQ�VnGÕV8NL?#@BQ D H
a
G�ceGIA�ceQn?#H�@�J�N�ý ^ NLJ
GTýXGI?ÖýXGIJ9a
@BA D
^ NL?-cÖQ�c U Gj@BJ9AIQnPR@BJ
þ � � ?eNOZuHIg � G�NL?ÖG�N.+ ^ GTcÖQ;HÖAINLJÕc U Gja
G�ceGWAWceQL?
VnGW?#cÖ@BAON ^B^ ZLK U Qn?#@�WWQnJ�c¤N ^�^ Z�QL?�N}c 9 H a9GIþn?#GIGIHTEF?ÖQnP c U G U Qn?#@�WIQLJdceN ^ g M�U @�H ^ N8c#ceGI?1a
@�?ÖGWAWce@�QnJ0�¦N8H�PRQnH#c
QLE cÖGIJ D H#GIa¯+XGIAON D HÖG�@Ðc U N8HÀc U G ^ GINLH#cÕý�NL?eN8HÖ@�cÖ@BA]HÖAIN8cÖcÖGI?#@BJ
þÃEF?#QnP c U GGIa
þnGWH�QLE�c U G U Qn?#@�WWQnJ�c¤N ^
NLJ
a VLGI?#cÖ@BAIN ^ H ^ @�c�ÃÖNh�1HWg � G]PRGONLH D ?ÖGWaåc U G]ý�NL?ÖNLHÖ@Ðce@BAÀHÖAIN8cÖcÖGI?Ö@�J
þ�+�Z HÖAINLJ
J
@�J
þ NLý�GW?#c D ?ÖG < 9 N8c
9 H ï EF?ÖQLP c U G U Qn?#@�WWQnJ�c¤N ^ @�J EF?#QnJ�csQLE�c U GÀa9@B?ÖGWAWci+XGONLP �FHÖGIG µ @�þ
g : ��g f Z QLý�GWJ
@BJ
þ]c U GÀa
G�ceGWAWceQL?
NLýXGI?%c D ?#GÕN8c ^ N8?ÖþnGW?���NOVnG�VnGIA�ceQn?#HIK ��GÀAONLJ PÀGINLH D ?ÖGÕQ�VLGI?;G ^ G�VnGIJ�Qn?Öa
GW?ÖH�QLE¦PÀNLþnJ
@Ðc D a9GRQ8E�HÖ@�þnJ�N ^
V8NL?Ö@BN8ce@�QnJ4g M�U G5H#PÕN ^�^ NLJ9þ ^ G-ý�N8?eNLH#@�ce@�A{HÖAIN8cÖcÖGI?#@BJ
þ�EF?ÖQLP c U G¼QLý9ce@�AON ^ AWQnPRý�QnJ9GIJ�ceHs��NLHÓH D +
H%c¤NLJ�cÖ@rN ^�^ Z
?ÖGWa D AWGIa�+�Z�Q D ?jHÖGWc D ý4g % ceH µ � TAC ��NLH : g : o � 2 =¿U ;< =�ê K4AIQnJ9HÖ@BH%ceGWJdcE�1@Ðc U c U G�@�J
ý D cÒ?#GIH#Q ^BD cÖ@BQnJ
»O�.ÊÒ¦E� �3nL� F o � 2 =¿U ;Ói=�ê g

M�U G�HÖAIN8cÖcÖGI?#GIa � � ?ÖNOZÊH���GW?ÖG1PÀGINLH D ?ÖGIa8�1@Ðc U NLJ < PÀýÊceG _ � Y � � 232 \ Y a
GWcÖGIAWcÖQn?Ig M�U @BH-a
G�ceGWAWceQL?
U NLH1N�� D NLJ�c D PñG5¡RAW@BGIJ9AWZ\Ôw� 2 n ( : N8c �3� g 2 _ G ÿ g M�U Gsa9GWceGWAWcÖQn?1Q D ceý D cz�¦N8H�N8PÀý ^ @7j�GWaJ+�Z]N;EÍNLH%c
\¦NLJ¿+XGI?Ö?ÖN : 2 : H NLPRý ^ @7j�GW?Ig M�U G]a
G�ceGIA�ceQn?�?#GIH#Q ^BD cÖ@BQnJ���NLH�a
G j�J
GWaª+�Z NLJ9QLc U GW?ÝNLýXGI?#c D ?ÖG�PÀNLa
G
�1@�c U ÆËN < H�GWa
þnGIHWK)� U @BA U ��NLHTHÖG�c�cÖQ G 232 1 PÕo G 232 1 PK`N8J
aòý ^ NLAIGWa : g ? H PñEF?ÖQLPác U GsHeN8PÀý ^ GLg
% cTa
G5j
J
GIaòNÝa9GWceGWAWcÖQn?1?ÖGIH#Q ^BD ce@BQLJ¶»���� G 232 1 PÖo H n H ! ;< =�ê � : n ? H P×� �3nL� F o � 2 = Ø ;Ó�=�ê g

H



−0.020Ç −0.010Ç 0.000Ç 0.010Ç 0.020Ç
q (A

−1
)

10
3

10
4

ph
/s

/1
00

 m
A

Ù

25.35 C
24.51 C
23.64 C
22.80 C
22.36 C
21.91 C
21.48 C
20.98 C
20.53 C
20.28 C
20.12 C
20.01 C
19.85 C

÷$Û«³jÑuÙLÑQ´5¶� �¡Ò �¸�Æ É�£%  Ô Æ Ä¤¸Oµ0µ0 ¤£%  Ô Åº½8µ0 �½dÆ Å�µØÂÝÇ���£¦µ ¶� �½nÁÍ¶�  Ì ¸�½�  Î ½dÅºµ0£ � ¢  �½ Ï  �½� �¡ËÅ Ì µ É�£  T�� ¤£#Æ ÉdÆ�µ0 �¡�Á
´  ¤£%¸Oµ É�£  �Ñ

M�U GòHÖNLPRý ^ G\�¦N8HÀPR@L�ÊGIa N8cÕN AW?Ö@�cÖ@BAIN ^ AIQnPRýXQnHÖ@Ðce@BQLJÚ� � : # Q8E 9�� g G PRQ ^ G º Q8EÒJ
@�cÖ?ÖQ3+XGIJkWIGIJ9G
+�ZZ��GI@�þ U @�J
þ c U Gc·��Q AIQLPÀýXQnJ
GWJdcÖH,�1@Ðc U N ý
?ÖGWAI@BH#@BQnJ HÖAIN ^ G8g M�U G�AI?#@�ce@�AON ^ ýXQn@�JdcO��NLHÕVu@BH D N ^B^ Z
A U GWA _ GIa�+�Z\j�J
a
@�J
þÀc U GËceGIPRýXGI?eN}c D ?#Gi� U GW?ÖG;c U GsPÀ@Û�Êc D ?ÖGi+XGIAON8PÀGsPÀ@ ^ _ Zng M�U G;HÖNLPRý ^ GËAIG ^B^ ��NLH
N � 2 PRP c U @BA _ < ^ A�Z ^ @BJ9a
GI?WK=H#GON ^ GIa�+dZ c·��Q : PÀ@ ^ É NLý9cÖQnJ��1@�J
a
Q��1HIg M�U @BHËAIG ^B^ �¦N8H�PRQ D J�ceGWa
QnJNLJ < ^ + ^ QÊA _ � U @BA U �¦N8HTcÖGIPRý�GW?eN8c D ?ÖGËAIQLJdcÖ?ÖQ ^�^ GWag+�Z]NÝA ^ QnHÖGWa � ^ QÊQLýJ�¦N8cÖGI?Q+�N8c U g M�U GsHeNLPRý ^ G
ceGWPÀýXGI?ÖN8c D ?ÖGLK9PÀGINLH D ?#GIa\�1@�c U N�ý
?#GIAW@BHÖ@�QnJ�c U GW?ÖPR@BH%ceQn?WK¢��NLH�H%c¤N.+ ^ G�ceQ��1@Ðc U @�J : 2 P É a D ?#@BJ
þ�c U G
a D ?ÖN8ce@�QnJ�QLE�N�HÖAINLJ4g M�U GËHeNLPRý ^ GÒA U NLP8+XGI?�AWQ D
^ a\+XGÒPÀQ�VLGIa0�1@�c U N�PRQLceQL?Ö@�WWGIa � � Ü cÖ?eNLJ
H ^ N8cÖ@BQnJ
H#ceNLþnG8g M�U GËc D ?Ý+9@Ba
@Ðc0ZÕQLE�c U GsHÖNLPRý ^ G�AWG ^�^ AIQ D9^ a\+�GËPRQnJ
@ÐceQn?#GIaJ+�Z ^ Q���GI?#@BJ
þ�c U GËHeNLPRý ^ GjAIG ^�^ @BJ�cÖQ
c U G�ý�N8c U QLE�N T G S G ^ NLHÖGW?w+XGONLP NLJ
a�Vu@�G5�1@BJ9þ;c U G�ce?eN8J
HÖPR@�c#ceGIa ^ @�þ U cD�1@Ðc U N�Vu@Ba9GIQ�AINLPÀGW?eN9g M�U G
PRGONLH D ?ÖGWa � � ?ÖNOZRcÖ?eNLJ9HÖPR@BHÖH#@BQnJREF?ÖQnP c U G�PR@L�uc D ?#GjN8J
aÕc U Gjc·��Q�c U @BJ É N8ý9ceQnJ,�1@BJ
a
Q��Ë��NLH F 9�º g
� U GWJÀc U GT?#GIH D
^ cÖH�N8?ÖG�J
Qn?#PÕN ^ @�WWGIa�EFQn?{c U G É NLý9ceQLJO�1@�J
a
Q�� cÖ?eNLJ
H#PÀ@�HÖH#@BQnJg� ?3G g ? º ��K¿��Gzj�J
aRc U N8c
c U G�HeNLPRý ^ G�c U @BA _ J
GWHÖHsAIQn?#?ÖGWHÖýXQnJ
a
GWa cÖQ � g 2 H � � ?ÖN�Z�N.+
H#Qn?Öý9cÖ@BQnJ ^ GIJ
þLc U HIg8°�HÖ@�J
þ�a�N8ceN�ý
?ÖQ�Vu@Ba
GWa
@BJ M NB+ ^ G %Ý% K�c U GÕPR@L�uc D ?ÖGBÞ H�ý�GWJ
GWcÖ?eN8cÖ@BQnJ a
GIý9c U @BH�AON ^ A D
^ N8ceGWa[+�Z���GW@Bþ U cÖ@BJ
þGONLA U AWQnPÀýXQnJ
GWJ�chÞèH
PÀNLHÖHËN.+9HÖQn?#ý9ce@�QnJðAIQuG5¡RAI@�GIJ�c��cß¿àB� =�ê �1@�c U @�cÖHA��GW@Bþ U cÒEF?eN8AWce@�QnJ4K�N8J
aðc U GWJ P D
^ cÖ@Bý ^ ZÊ@�J
þÀc U G�ceQ8c¤N ^
PÀNLHÖH�N.+
H#Qn?Öý9cÖ@BQnJÜAIQuG5¡RAW@BGIJ�cN+�ZÜc U G�NLAWc D N ^ HeNLPRý ^ Gsa9GIJ
H#@�c0Zgß3¤ª� 2 n ( H : þ p AWP Ø g M�U GsAON ^ A D
^ N8ceGWa
HeN8PÀý ^ G.ÞèH � � ?ÖN�ZËýXGIJ9GWce?ÖN8ce@�QnJ;a9GIý9c U @BH G g ! PRPá� U @BA U AIQnPRý�NL?#GIH�?ÖGON8HÖQnJ�NB+ ^ ZE��G ^�^ cÖQ�c U G�PRGONLH D ?ÖGWa
? g H PÀP a
GIa D AIGIaEF?ÖQnP c U G � � ?eNOZ�PRGONLH D ?ÖGWPÀGWJ�ceHIg

� âJ�s�6u } �|ã� }

µ @Bþ9g F H U Q��1H1c U GÒcÖGIPRý�GW?eN8c D ?ÖGÒa
GWý�GWJ
a
GWJ
AIG�QLE=c U GÒPRGONLH D ?ÖGWa�b < � b�HÖAIN8cÖcÖGI?Ö@�J
þÝ?eN8cÖG�EFQn?¦c U G
AI?#@�cÖ@BAON ^ AWQnPRý�QnH#@�cÖ@BQnJ4g M�U GÒa�N}c¤N U N8HM+�GWGIJ�J
QL?ÖPÀN ^ @7WIGIaÝceQ�N;H#ceNLJ
a�NL?#a0+�GINLP A D ?#?ÖGIJ�c�Q8E � 232 P < g
< H;G �Êý�GWAWcÖGIa4K-c U G�HÖAIN8cÖcÖGI?Ö@�J
þ�?ÖN8ceGÀ@BJ
AW?ÖGON8HÖGIHÝN8H�c U GÕceGWPÀýXGI?ÖN8c D ?#GÕ@�H ^ Q���GI?#GIaÃceQ���NL?Öa M ��g M�U G
^ G�E c � ?Ö@Bþ U c¦NLH#ZuPRPÀG�ce?%Z�@BJ�c U GÒHÖAIN8cÖcÖGI?#@BJ
þÝ?eN}ceGÒ@BH�PÀQnH%c ^ @ _ G ^ ZRa D GÒceQRNLJ]NLH%ZuPÀPRGWcÖ?Ö@BA�+�NLA _ þn?ÖQ D J
a
f �V�k�5�ÍH#GIG µ @Bþ 9 ��g M Q¶j9c�c U GÀa
N8c¤N9KÂ��G D H#GIa M ¤�¥§¦\� : 9�n H � ï \ NLJ
a�H D +9cÖ?eNLA�ceGIa c U @�H�H#AONLJ�EF?#QnP
N ^�^ c U G�QLc U GI?Õa�N8c¤N HÖGWcÖHIg � G�NLH#H D PRGIa c U N8cÕc U G�GI?#?ÖQn?,+�NL?#H�QnJ'GINLA U HÖAON8J'EFQ ^B^ Q@� N � Qn@�HÖH#QnJ
a
@�H#ce?#@�+ D ce@BQLJ4g M�U GÝGI?Ö?#Qn?A+�N8?ÖHÒEFQn?jc U G ^ G�E c U NLJ
a H#@Ba
G�QLE > �`g©� F �Q��GW?ÖGÝQ3+9ceNL@BJ
GWa£+�Z NLa
a
@�J
þ�c U G

G



−0.020Ç −0.010Ç 0.000Ç 0.010Ç 0.020Ç
q (A

−1
)

0.0

5000.0

10000.0

15000.0

ph
/s

/1
00

m
A

÷$Û«³jÑ8ö�Ñw´5¶� ¦¡Ò �¸�Æ É�£%  Ô Æ%Ä¤¸Oµ0µ0 ¤£   Ô Åº½8µ0 �½dÆ ÅºµÍÂËÇB��£{µÍ×��Ëµ0 �¡ ´  ¤£%¸Oµ É�£  �Æ{´Dä1ü â Ñ â ¨ ï ß � Æ æ Éu¸O£  �Æ ª ¸�½ Ô ´Dä
ü�ÙLÑèõIö ï ß � Ä¤Åº£%Ä¤¹� �Æ ª ÑE´5¶� ÒÆ0�[¹ÐÅ Ô ¹ºÅº½� �Æ¦¸O£  �àÊµ�µ0�Ýù æ Ñ � Ù ª Ñ�´5¶� Ò �Æ0µ Åº¡s¸Oµ0  Ô�¢ ¸�Ä ãL¾�£ �[Éd½ Ô Ç���£Q´wä ü â Ñ â ¨ ï ß
� Ô ��µ0µ0  Ô ª ¸�½ Ô ´Dä1ü�ÙLÑèõIö ï ß � Ô ¸�Æ ¶d  Ô ª ¸O£  ¼Æ ¶d��×¼½Ë¸�Æ�×= �¹Ð¹�¸�ÆÓµ ¶�  ¢  �Æ0µÓ �Æ µ Åº¡Ë¸Oµ0 5��Ç9µ ¶�  ´ ¸O£#¸�Æ Å�µ ÅºÄ-Æ Ä¤¸Oµ0µ0 ¤£#Åº½�¾
ÇB£ �[¡�µ ¶� �� ´ µ ÅÐÄ¤Æ � å ª Ñ

GI?#?ÖQn?�+�NL?#HTEF?#QnPñGINLA U @BJ9a
@�Vu@Ba D N ^ H#AONLJ@BJg� D NLa
?eN}c D ?#GLg � Gij
cjN ^�^ c U Gsa�N8ceNÀH#GWceH�HÖ@�P D
^ ceNLJ
GWQ D H ^ Z
ceQ > �`g�� F ��AWQnJ�VnQ ^ VnGIaÜceQ�c U Gsa9GWceGWAWcÖQn?�?#GIH#Q ^BD cÖ@BQnJ\»��ug

µ @Bþ9g 9 H U Q��1H¼c U GT?ÖGIH D
^ cÖH5QLE$c U Gzj
c5ceQ�N ^B^ c U G1a�N8ceNËEFQn? : 2 n 2 � æ � � : H n F H ï \jg M�U GT?#GIH D
^ cÖH¼EFQn?
c U G�c U ?ÖGIGDj
c{ý�N8?eNLPRGWcÖGI?ÖHÓV8NL?Ö@�GIa
��GI?#G � �{� � ? n7� : ï \jK � ë � : nç9 ( ;< KLN8J
aÝb��V�k� 2 ��� 9 g (.G ý U p H p � 2.2
P < �1@Ðc U Ni� î � �.n (3F g M�U GjPRGON8H D ?#GIa�a�N}c¤N;N8J
a�j
cÖH�EFQn?-c·��Q�G �uce?#GIPRG�ceGWPÀýXGI?ÖN8c D ?ÖGIH�NL?ÖGTH U Q@�1J$K
M � : 2 g 2 � NLJ
a : F g G 9 ï \jg M�U G
j
cÖHËNL?ÖG6� D @�ceG;þnQÊQua4g % E�QLJ
G;H D +9ce?ÖNLAWcÖH�c U G;AI?Ö@Ðce@�AON ^ AIQLPÀýXQnJ
GWJdc�QLE
c U GÕHÖAIN8cÖcÖGI?#@BJ
þÜEFQ D J
aÃ@�J c U G,j
csE D J
A�ce@�QnJ4K�QLJ
GÕAINLJ�ceGWH#c�EFQn?sc U GÕAWQnJ
H#@BH#cÖGIJ
A�Z�Q8E¦c U GÕNLý
ý
?#Q�NLA U g
M�U GRa�NLH U GIa N8J
a�a
Q8cÖceGWa ^ @BJ
G�@�J µ @�þ
g 9 ?ÖGWý
?ÖGWHÖGIJ�c�c U GÝPÕN@�9@�P D P V8NL?#@rN.+9@ ^ @Ðc0ZÜQLE�c U GÀGWH#cÖ@BPÀN8ceGWa
+�NLA _ þn?#Q D J
a$g M�U G©+�NLA _ þn?ÖQ D J
a;EFQn?ÓJ
GWþ�N8cÖ@�VnG���NOVnGWVLGIA�ceQn?-@�H�AWQnJ
H%c¤NLJ�c=Q[VLGI?�c U G5ceGWPÀýXGI?ÖN8c D ?#G5?eNLJ
þLG
+ D c¦HÖQnPRGjV8NL?Ö@BN8ce@�QnJ
H¼NL?#G�HÖGWGIJ�EFQn?�ýXQnH#@�ce@ÐVnG��¦NOVnG�VnGWAWceQL?ÖHIg M�U GA+�NLA _ þn?#Q D J
a]@�H�AIQLJ
H#ceNLJ�c�EÍNL?¦Nh��N�Z
EF?ÖQLP � �¤g < +�G�cÖcÖGI?�NLý
ý
?#Q�NLA U ��Q D
^ af+XGscÖQ D H#G�NRc·��Q�ý�N8HÖHjý9?ÖQuAIGIa D ?ÖG6+dZ\j�?#H#c�a
GWcÖGI?#PÀ@�J
@BJ
þÝc U G
+�NLA _ þn?#Q D J
a,EF?ÖQnP c U G U @�þ U GIH%cÝceGIPRýXGI?eN}c D ?#GÜH#AONLJ NLJ
aåc U GWJ D H#GÜc U @BH�+
NLA _ þn?ÖQ D J
a EFQn?ÝN ^�^ c U G
QLc U GI?�HÖAON8J
HIg µ @�þ
g 9 N ^ HÖQ�H U Q��1H�Q D ?¼GIH%ce@�PÕN8cÖG�Q8E4c U G�+�NLA _ þn?ÖQ D J
a��1@Ðc U c U GjHÖNLPÀý ^ GT@BJÀc U G�+XGON8Pg
% cA��NLHÒQ3+9ceNL@BJ9GIa£+�ZðNLa9a
@BJ
þÀc U G�PRGONLH D ?ÖGWa£+�NLA _ þn?#Q D J
a��1@�c U Q D c�NLJ�Z�HeN8PÀý ^ G;AWG ^B^ @BJ�c U G8+XGONLP
NLJ
ac U G�H#AON8c#ceGW?Ö@BJ9þÕ?eN}ceG�EF?#QnP c·��Q : PÀ@ ^ É N8ý9ceQnJ¶�1@BJ
a
Q��1HWK�NLJ
aòc U GIJðH#AON ^ @BJ
þÝc U @BHjH D Pè+dZÜc U G
PRGONLH D ?ÖGWaÜcÖ?eNLJ
H#PÀ@�HÖH#@BQnJ�Q8E=c U GÒHeNLPRý ^ GLg % c1@BH�A ^ GINL?�c U N8c�c U GÒa9GIa D AWGIa¶+�NLA _ þn?ÖQ D J
aEF?#QnP c U GEj
cÖH
NL?#GÕP D A U�U @Bþ U GI?�c U NLJ c U G�GWH#cÖ@BPÀN8ceGWa�ý�NL?ÖNLHÖ@Ðce@�ARH#AON8c#ceGW?Ö@BJ9þòEF?ÖQnP�c U GJ+XGONLP ^ @�J
GÝNLJ
a[�1@BJ
a
Q��1HWK
PRQnH#c ^ @ _ G ^ Za D G�cÖQ�PÀQ ^ GIA D
^ N8?jHÖAIN8cÖcÖGI?#@BJ
þ�EF?#QnP(c U G�HeNLPRý ^ GLg M�U GÝa
GIa D AIGIa�+�NLA _ þn?#Q D J
a @BH�N ^ H#Q
NLH%ZÊPRPRGWce?#@BA8g

M NB+ ^ G % a
GIH#AI?#@�+XGIHË@BJðPRQn?ÖG�a9GWc¤N8@ ^ Q D ?Aj
cÖcÖ@BJ
þ]N8ý
ý
?ÖQnNLA U g � GÝý�GW?#EFQn?#PÀGWa�EFQ D ?�c0Zuý�GWHËQLEDj9ceHIg
M ZÊýXG < _ GIGIý9H � N8J
a � jk�ÊGIa4K¿� U @ ^ G�c0ZÊýXG < Þ3j
cÖH � NLJ
a � NLH���G ^B^ g M ZÊýXG f NLJ
a f ÞuNL?#GTH#@BPR@ ^ NL?=cÖQ
< NLJ9a < Þ@�1@�c U N8J�NLa
a
@Ðce@�QnJ�N ^ j
c#ce@BJ9þ�ý�NL?ÖNLPÀG�ceGW?r� ë KnNN�¦NOVLGWVnGWAWcÖQn?�QB¨$H#GWcOg M�U GMj
cÖH-NL?ÖG�ý�GW?#EFQn?#PÀGWa
QnJ�N ^B^ H#AONLJ9H6�1@�c U�� ¤mÊÒé æ � � � ¤r¥«¦dg � GREFQ D J
a c U N8ci+�Z c¤N _ @BJ9þÜQ D c�c U GRHÖAON8J�A ^ QnHÖGWH#csceQ � �¤K
� � � ? n ( H ï \jKuc U GE� î QLEÓc U GAj9ceH¦@�PÀý
?#Q�VnGIa\+�Z F 2 º g % EÓc U @BH¦H#AONLJ0��NLH1@BJ
A ^BD a9GIa�@BJÀc U GËNLJ
N ^ ZuHÖ@�HIK
c U G
j
ceHA��Q D
^ aðJ
QLcjAIQnJ�VnGW?ÖþnG�cÖQ�?ÖGINLHÖQnJ
N.+ ^ G�VLN ^BD GWHIK�NLJ9a�c U G�a9GIa D AWGIa�+�NLA _ þn?#Q D J
aðEFQn?�ý�QnH#@�cÖ@�VnG

!



´�»wê{ëXù�ÛÖÑ ì5 �Æ Éd¹ºµ Æ-��ÇXàÊµ ´ ¸O£%¸�¡Ò ¤µ0 ¤£#Æ-µ0�sù æ Ñ � Ù ª Ñ
í5î�ïçð ñ ò ó ô@õ öc÷ ø@öc÷ ùc÷ í ú � �ûÒüqý¿þ ó ÿ ��� � ê ë � � �� � � � 	 
��
 ê ë0ë � � �� ü«ý
ê � � � X � î�� X î S ë U�� î Ø � ë � ë S î�� Ø U�� ë � ë î ê � � î U�� ë � ë ê ê�� î Ø ë � S Ø X
ê � � � X � î�� ë � = Ø � Ø U�� ë � î Ø U�� î S � ë � ë X î�� Ø·Ø � ë � ë ê ê � � î Ø � ë � ë ê ê�� î Ø ë � S Ø X
î ë � ë ê � ê�� �·Ø0ë ë U�� � S � ë � ë�� î�� U � � ë � ë î ê � � êÍî�� ë � ë ê ê�� î Ø ë � S î X
î ë � ë ê ��� ê�� � î X ë S � � U��1î�� �#ê î�� �#ê�� ë � U ë ê � � ê � � ë � ë � ê�� ê S � ë � ë�� ë � S ê0ê�� ë � ë·Ø U
î ë � ë ê � ê�� U X = Ø � � X � ë � î X U�� ��� � ë � ë � î�� U S � ë � ë î ê � � ê0ê � ë � ë ê ê�� î Ø ë � S Ø X
î ë � ë ê � � ê�� U·U S = Ø � � U�� ë � î X S � � � �1î�� Ueê î�� � U�� ë � Ø S ê � � ê S � ë � ë S ê�� ê S � ë � ë � ë � S ë S � ë � ë·Ø ê
î ë � êÍî � ê�� � S � ë U�� � ê�� ë � ë�� î�� U S � ë � ë î ê � � ê Ø � ë � ë î ê�� î Ø ë � S Ø X
î ë � êÍî ��� ê�� � X � ë � � � î!�zU�� Ø î Ø � î"�!� ë � X·S ê � � î Ø � ë � ë�� ê�� ê ë � ë � ê ë � X �#� ë � ë U
î ë � êÍî � ê�� Ø � X =¿U�� S �!� ë � Ø ê U�� � U�� ë � ë�� î�� U·U�� ë � ë î ê � � ê0ê � ë � ë ê ê�� î Ø ë � S Ø X
î ë � êÍî � � ê�� Ø S � =¿U�� S �!� ë � Ø ê �$� ë ê�� Ø � ê X Ø � ê ë � ë � X ë ê � � ê S � ë � ë�� ê�� ê S � ë � ë�� ë � X � X � ë � ë·Ø �
î ë � î � � ê�� S � U ë U�� � ê�� ë � ê ë î�� U � � ë � ë î ê � � ê ë � ë � ë î ê�� î Ø ë � S Ø X
î ë � î � � ê�� î Ueê = S � î ë � ë � U ë U�� � X � ë � ë�� î�� U S � ë � ë î ê � � ë�� � ë � ë î ê�� î Ø ë � S Ø X

��N�VLGWVLGIAWcÖQn?���Q D
^ ag+XGIAWQnPRGsJ9GIþ�N8cÖ@�VLGLg � U GIJÜc U GËG&�9ýXQnJ
GWJ�ceHN��GI?#G _ GIý9cQjk�ÊGWa4KXc U GEj
c1AIQLJdVLGI?#þnGIa
NLJ
a,c U Gg+�NLA _ þn?#Q D J
aZ�¦NLHÀý�QLHÖ@�cÖ@�VLGLg � @Ðc UZ� ¤mÊÒé&% � ? n ( H ï�' K�V8NL?#Zu@�J
þ c U GAW?Ö@Ðce@BAIN ^ G&�9ýXQnJ
GWJ�ceH
+XGIAIQLPÀGWHýXQnHÖH#@�+ ^ G NLJ
a c U G ?ÖGWH D
^ ce@BJ9þZ+�N8A _ þL?ÖQ D J9a
H�NL?#G ý�QnH#@�cÖ@�VnG8g M�U G @BPRý
?#Q[VLGIPRGIJ�ceHÜ@BJ � î
EF?ÖQLP V8NL?%ZÊ@�J
þ�c U GÒNLa
a
@Ðce@�QnJ�N ^ c·��QÝý�N8?eNLPRGWcÖGI?ÖH¦NL?ÖG�J9GIþ ^ @Bþn@7+ ^ G1c U Q D þ U K9NLJ
a�c U Gj?ÖGIH D
^ cÖ@BJ
þ�AW?Ö@Ðce@BAIN ^
G �ÊýXQnJ
GWJdcÖHsNL?ÖGsc0ZÊý9@BAON ^B^ Z\�1@Ðc U @�JòGI?#?ÖQn?jQLE Y G�E g{� � : # g % J�ce?#QÊa D AI@BJ9þ�N��¦NOVLGWVnGWAWcÖQn?ËQ.¨$H#GWcÒ@�PÀý9?ÖQ�VnGWH
c U G
� î K + D c�@ÐE{��G;@BJ
AW?ÖGON8HÖG � ¤mÊÒé9K)��G6j�J
aòc U N8cTc U G8� ë @BJ9AI?ÖGINLHÖGWH�PRQnJ
QLcÖQnJ
@BAIN ^B^ Zng M Zuý
@�AON ^�^ ZnK`c U G
j
c�ý�NL?eN8PÀG�ceGI?#H�EFQn?¼c0Zuý�G < NLJ
a f j
c�NL?#Gj@�a
GIJ�ce@�AON ^ �1@�c U @BJRc U G�H#ceNLJ
a�NL?#a�a
GWVu@BN8ce@�QnJ
H¼H U Q��1J4K9c UdD H
c U GI?ÖG�@BH¼J
Q;J9GIGIaÀceQ;@�J�ce?ÖQua D AWGjN8JÕQ.¨�HÖG�cOg < ^�^ c0Zuý�G < j
cÖHD�1@Ðc U,� ¤mÊÒé(% � ? n ( H ï \ ?ÖGWH D
^ ceH¼@BJÕJ9GONL? ^ Z
@Ba9GIJ�ce@�AON ^ j
cÒý�NL?ÖNLPRGWceGW?ÖHA�1@Ðc U @�J�GI?#?ÖQn?Wg µ Qn?TE D c D ?#G�a
@BH#A D H#HÖ@�QnJ4K���G8�1@ ^B^�D H#GÝc U G�?ÖGWH D
^ ceHÒQLE-c0ZuýXG
< j
c�EFQn? � ¤�ÊÄé8� : 2 n 2 � ï \jg

� G�AONLJ�J
Q��å?ÖGWHÖAON ^ G5c U G©j
cÖcÖGIa;PRQua
G ^ EFQn?ÓAIQLJ
AIGWJdcÖ?eN8cÖ@BQnJ6� D AWc D N8cÖ@BQnJ
HÓceQTc U G�N.+
H#Q ^BD ceG5VnQ ^�D PÀG
HÖýXGIAW@7j�AËa
@L¨$GW?ÖGWJdcÖ@rN ^ AI?ÖQLHÖHTHÖGIA�ce@�QnJ]þn@�VLGIJg+dZ

) Ì *
)#+ � � �c�"� � ��� � �c�.�

Ô�, � Ê - =!.0/2143 » + � � �V�¢� � �m� � �c�.�
Ô4» 5�67- =!.0/2143 » + � � 9 �

� U GW?ÖG � Ê�@BHÀc U G�@�J
AI@�a
GIJ�c � � ?ÖN�Z @BJ�cÖGIJ
H#@�c0ZnK 6 � � Ê Ó � !¢nÒ! o � 2 ê ë ý U p H�@BHRc U GceQLceN ^ � D �'@�J
c U GÕ@ ^�^BD PR@BJ
N8ceGWaðNL?ÖGIN < K8, � Ó » 5 @�HËc U GÕ@ ^B^�D PÀ@�J�N8cÖGIaòVLQ ^BD PRGLKr» 5 � �3n 2 AWP @�Hsc U GRHeNLPRý ^ G
c U @BA _ J
GIH#HIK - =!.0/2143 � 2 n F 9 @BH�c U GsPRGONLH D ?ÖGWa�HeNLPRý ^ GsAWG ^�^ ce?eN8J
HÖPR@BH#HÖ@BQLJ4K Ôz� 2 n ( : @�H�c U Gi� D NLJ�c D P
G5¡RAW@BGIJ9AWZnK4NLJ
a*» + �Ö� G 232 1 P � : n ? H PJ� î � 9�nL� F o � 2 = � H#cÖGI?eN8a
@rNLJ9H�@�H�c U G;a
G�ceGIA�ceQn?�HÖQ ^ @BaNLJ
þ ^ GLg
°�H#@BJ
þÀ?ÖGWH D
^ ceHTQLE{c U G�c0Zuý�G < j9c�EFQn? � ¤�ÊÒé�� : 2 n 2 � ï \jK�c U G�VnQ ^BD PRGËHÖýXGIAI@Lj�A�NB+
HÖQ ^�D ceGsa
@L¨$GW?ÖGIJ�cÖ@rN ^
AI?#QnHÖHTHÖGWAWcÖ@BQnJ�EFQn?�AWQnJ
AIGWJ�ce?eN}ce@BQLJg� D AWc D N8ce@�QnJ]@BJ�c U GËPR@L�uc D ?ÖGÒJ � U G �9NLJ
G p J
@Ðce?ÖQ.+�GWJ�WIGWJ
G�@�H

) Ì *
)#+ � H nç9¿! o � 2 = Ø AWP =�ê � =��

�D� � î � îë � =uî �
n � H �

âJ�s� �K} �� } }ã� 	��

% c�@BH�QLE ceGWJ @BPRý�QL?#c¤N8JdcËcÖQðý
?ÖGWa
@BA�c;c U G�HÖAIN8cÖcÖGI?Ö@�J
þð?eN}ceGÀEF?#QnP Nf+
@BJ
NL?#Z PR@L�uc D ?#GÕ@�JÃQn?Öa9GI?;cÖQ
j�J
a�c U GÒPÕN}ceGI?#@rN ^ HD� U @�A U]U NOVnGÒc U G U @Bþ U GWH#c�AW?ÖQnH#H1HÖGIA�ce@�QnJ4g µ Q ^B^ Q��1@BJ
þ;NLJÜNLý
ý
?#Q�NLA U a
@BH#A D H#HÖGWa@�J
Y GWE gm� : # K9QnJ
GËAONLJÜH U Q@� c U N8c�c U GËý
?ÖGWa
@BA�ceGWaòN.+9HÖQ ^�D ceGÒAW?ÖQnH#H�H#GIAWcÖ@BQnJ]EF?ÖQLPñN�+
@BJ
NL?#ZÕPÀ@Û�Êc D ?ÖGÒ@�H

) Ì *
)#+ Ñ 9 î: �c»/ß : � î ; � � � ; � � < ë %z� =�� ���V� � �

ÑÍ��=q� =�� ���V� � � � � G �

(



´$»Dê{ë�ù�Û Û#Ñ�·n�[¡Ò  ´ ¶8ÂLÆ ÅÐÄ¤¸�¹�Äe�[½dÆ0µ ¸�½8µ¼��Ç4½nÁÍ¶�  Ì ¸�½� T¸�½ Ô ½dÅºµ0£ � ¢  �½ Ï  �½� �Ñ
½nÁÍ¶�  Ì ¸�½�  ½dÅ�µ0£ � ¢  �½ Ï  �½� 

ß-¶� �¡ËÅºÄ¤¸�¹
ÇB��£%¡jÉd¹º¸ ß S > S ß S > X �@? îÔ  �½dÆ Å�µØÂ � ¾ Î Ä¤¡ Ø ª â Ñèõ�ì�© ¨OÑº¨�©�õ
¡Ò�[¹º¸O£¼¡Ë¸�Æ%Æ ¥�õLÑº¨�¥ ¨�ü�ÙLÑº¨�¨

×� �Å�¾[¶}µ¼Ç�£%¸�Äeµ Åº�[½ÝÅº½�¡ËÅ Ì µ É�£  BA ö}©LÑèì ì â Ñèì
C ì â õIö

���[¹ÐÉd¡Ò  ´  ¤£¼¡Ò�[¹� �Ä¤Éu¹�  � ½d¡ Ø ª â Ñèün¨ ú â Ñº¨ ú ¨
D : � ½d¡8= Ø�ª ü�Ù â Ù ú ö�Ñèì
E � Ä¤¡ ª ¨OÑº¨eö â ÑèÙ�¥ ú

� U GW?ÖG 9 : � : n ( o � 2 =�ê X Pñ@BH�c U G�A ^ NLH#HÖ@�AON ^ G ^ GIA�ce?#QnJ?ÖNLa
@ D HIK�� »�ß : �D� �K939 - � J
P Ø @BH�c U GËG ^ GIA�ce?#QnJ
a
GWJ
HÖ@Ðc0ZÕa
@L¨$GW?ÖGWJ
AIGA+XGWc·��GIGWJ�c U G�PR@L�uc D ?ÖGBÞ H�AIQnPRý�QLJ
GIJ�ceHE�ÍHÖGWG M N.+ ^ G %Ý% ��K9AE� 2 g 9�� G @BH¼c U G�AW?Ö@Ðce@BAIN ^
AIQLPÀýXQnHÖ@Ðce@�QnJ�QLE=J
@�cÖ?ÖQ3+XGIJkWIGIJ9GLKXNLJ
a�� < ë %Ë� 2 nL� ? 9 J
P Ø @�H¦c U GsNOVnGW?eNLþLG�PRQ ^ GWA D
^ NL?�VLQ ^BD PÀG8g M�U G
ý
?#GWEÍNLA�ceQn?�@�J > �`gm� G ��@BH�� = � !¢n G3G o � 2 =uî AIP =�ê K�� U @�A U @�H�N�EÍNLAWcÖQn? �h9 PÀQL?ÖGjc U NLJ�c U GËPRGONLH D ?ÖGWa
EÍNLA�ceQn?ËEFQn?Òc U GÀAI?#QnHÖH�HÖGIA�ce@�QnJ�@�J > �`gM� H ��g M�U GÕa
@L¨$GW?ÖGIJ9AIGÕAWQ D
^ aR+XGÀa D GÀceQ]c U GÕHÖ@�PÀý ^ @�E Zu@�J
þ]NLH �
H D PÀý9cÖ@BQnJ�EFQn?{c U G1QnHÖPRQLcÖ@BA¦AWQnPÀý9?ÖGIH#HÖ@7+
@ ^ @�c0Z�@BJ�a
GW?Ö@�Vu@�J
þ > �`g)� G ��g S QLceG�c U N8c-EFQn?-H%ce?ÖQLJ
þ�H#AON8c#ceGW?Ö@BJ9þ
EF?ÖQLP N6+
@�J�NL?%Z�H#ZuH#cÖGIPÜK9@Ðc�@�H5@BPRý�Qn?%c¤NLJ�c-cÖQ U NOVLG�N ^ NL?ÖþLG�G ^ GWAWcÖ?ÖQnJÀa
GIJ
H#@�c0ZRa
@L¨$GW?ÖGIJ9AIG�+�G�c·��GWGIJ�c U G
AIQLPÀýXQnJ
GWJdcÖHTNLJ
aÜN�HÖPÀN ^B^ NOVLGI?eN8þnGËG ^ GWAWcÖ?ÖQnJ]a
GWJ
HÖ@Ðc0Z�EFQn?�N ^ NL?#þnG � � ?eNOZ�ýXGIJ9GWce?ÖN8ce@�QnJ]a
GIýÊc U g M�U @�H
@BH¦c U GËAONLH#GsEFQL? U G �9NLJ
G p J
@Ðce?ÖQ.+�GWJ�WIGWJ
G�PR@L�uc D ?ÖGWHIg

� GJ
G �ucÀa
@BH#A D H#HÕc U GÜEFGINLHÖ@7+
@ ^ @�c0ZÃQ8EÒNLJ � � \�b G �ÊýXGI?#@BPRGIJ�cÕQLJ c U @BHÝPÀ@Û�uc D ?#GLg % EA��GòH#GWc�N
AIQ U GI?#GIJ�csNLýXGI?#c D ?ÖG;QLE H 1 P[o H 1 P @�JòEF?ÖQLJdc�QLE-c U G;HeNLPRý ^ G8K ��G8�1@ ^�^�^ QÊQLHÖG�NREÍNLAWcÖQn?/� � 232 � H � î �
9 232 @�J H#@BþnJ
N ^ AIQLPÀý�N8?ÖGIaðcÖQ µ @�þ
g F gÕbu@BPR@ ^ N8? ^ Z�@BJ NLJ � � \�b G&�Êý�GW?Ö@BPRGIJ�c��1@�c U N H 1 P o H 1 P
+XGONLPÜK�QnJ
GsP D H%cjA ^ QnH#Gsc U G�H ^ @ÐceH < 9 ceQ ^ @�PÀ@Ðc�c U G�a
G�ceGWAWceQL?�NL?#GON�ceQ�NÝHÖýXGIA _ ^ G�NL?#GON9g M�U G�H#ý�GWA _ ^ G
HÖ@7WIGs@BH1QLE�Qn?Öa
GW?A¹GFIH � J Kã� U GW?ÖGKFLH�@BH�c U G�HÖNLPÀý ^ G � a
GWcÖGIA�ceQn?1a
@�H#c¤N8J
AIG�NLJ
aòNR@�H1c U G�NLý�GW?#c D ?ÖGsHÖ@7WIGLg
< c : g ? H PÜK9c U G�H#ý�GWA _ ^ GsHÖ@�WWG�@�H¦c UdD H G !81 Pg M�U @�Hz�1@ ^B^ E D ?#c U GI?T?ÖGWa D AIGËc U G�H#AON8c#ceGI?#@BJ
þR?eN}ceG�+�ZÜN
EÍNLA�ceQn?/� G 232 � G ! � î � ( 2 g µ @�þ
g H H U Q��1H�c U G�ý
?ÖGWa
@BA�ceGIa AWQ U GI?#GIJ�csHÖAIN8cÖcÖGI?ÖGWa @BJ�ceGWJ
HÖ@Ðc0Z�ýXGI?�H#ý�GWA _ ^ G
NLH;NÜE D J
A�ce@�QnJ�QLEM� N8J
a-» � g � G U NOVLG�N ^ HÖQ�N8HÖH D PÀGWa NòAIQLJ
HÖGW?#V8N8ce@ÐVnGÀþ�NL@BJ QLE1N]EÍNLAWcÖQn? � 232 @�J
@BJ9AI@Ba9GIJ�cz� D �Üa D GËcÖQ�c U G D H#G�QLE�NNM#ý
@�J _ +XGONLPPOÝý
?ÖQua D AWGIag+�ZÜN ^ Q��Ú+�N8J
a
ý�NLH#H � � ?ÖN�Z�PÀ@�?Ö?ÖQL?Ig

M�U Gò?#GON ^ j
þ D ?ÖGÜQLEjPÀGW?Ö@�c�EFQL?ÀN � \�b,G&�9ýXGI?#@BPRGIJ�cÀ@BH�c U GÜAIQ D J�cÕ?ÖN8ceG]ýXGI?RHÖýXGIA _ ^ GÜý�GW?ÀAWQn? �
?ÖG ^ N8cÖ@BQnJ,ce@�PÀG8g µ Qn?ÕH#@BPRý ^ @�AI@Ðc0ZnKD��GðGIH%ce@�PÕN8cÖGc U G�AIQL?Ö?ÖG ^ N8cÖ@BQnJ,ce@�PÀG\�1@�c U c U G bdceQ _ GIH � > @BJ
H%ceGI@�J
?ÖG ^ N8cÖ@BQnJRQR� G ½ S � � � ��� � � î ��KÂ� U GW?ÖG S @BHÒc U GRH U GONL?ËVu@BHÖAWQnHÖ@Ðc0Zng M�U GÀH U GON8?sVu@BH#AIQnH#@�c0Z QLE�c U GÝc U G
J � U G �9NLJ
G p J
@Ðce?ÖQ.+�GWJ�WIGWJ
G�PÀ@Û�uc D ?#G;@BH 2 g 232 H F,� � � : # g M�U G�AWQn?Ö?#G ^ N}ce@BQLJÜcÖ@BPRG;AON8J*+�G;AIQnJ�VnGWJ
@BGWJ�c ^ Z
�1?Ö@ÐcÖcÖGIJ]NLHTQ�� 9�n G ! o � 2 =�ê ë S � U # � � ;Ó # � � î � ;Ó =uî # g M�U G�AWQn?Ö?#G ^ N}ce@BQLJÀce@�PÀG�QLE�c U G�� D A�c D N8cÖ@BQnJ9H 2 g � ï \
Nh�¦NOZ�EF?#QnP � �5EFQn?1N
�¦NOVLGWVnGWAWcÖQn?jQLE 2 n 232 9 ;<�=�ê @BH G ��1 HWKk� U @�A U AINLJ\+�GÒHÖNLPÀý ^ GIa0�1@Ðc U N�H#ceNLJ
a�NL?#a
U NL?#ak��NL?ÖG�AWQn?Ö?#G ^ N}ceQn?Wg % J µ @�þ
g H K$c U G�ý9?ÖQua D AWcËQ8E¼c U G�AON ^ A D9^ N8cÖGIaðAIQL?Ö?ÖG ^ N8cÖ@BQnJÜce@�PÀG8KVQ4K��1@Ðc U c U G
ý
?#GIa
@�AWceGWa�AIQ D J�c�?eN}ceGsý�GW?jHÖýXGIA _ ^ G�@BHTN ^ HÖQÕH U Q��1J4g M�UuD H��1@�c U NLJ@BPRý
?ÖQ�VnGWPÀGWJ�c�@BJ � � ?eNOZÜQný9cÖ@BAIH
+�Z D HÖ@�J
þ NWM#ý9@BJ _ +XGON8PXO
K¼ý
?#Q[Vu@�a
@BJ
þ NLJ,@BJ
AW?ÖGINLHÖGÜ@BJåAIQ U GI?#GIJ�c�� D �,QLEÒNðEÍNLAWcÖQn? � 232 Q�VnGI?Ýc U G
A D ?Ö?ÖGWJ�c�HÖG�c D ý4KÊ@�c©�1@ ^B^ +XGj?#G ^ N8ce@ÐVnG ^ ZÝGONLH%ZÀcÖQ�Q3+9ceNL@BJÕNLAIA D ?eN}ceGja9GIAONOZÕ?eN8cÖGIH 2 g � ï \'N���NOZÕEF?#QnP � �¤g

% J H D PRPÕN8?#ZnK ��G U N�VLG ý�GW?#EFQn?#PÀGWa N b < � b H%c D aÊZ QLE�c U G +
@�J�NL?%Z PR@L�uc D ?ÖG J �
U G&�
N8J
G p J9@�ce?#Q3+XGIJ�WWGIJ
G�J9GONL?À@�ceHRAI?#@�cÖ@BAON ^ ý�Qn@�J�cOg � GG �uce?ÖNLAWcÖGIa'c U GòAW?Ö@�cÖ@BAIN ^ AIQnPRýXQnJ
GIJ�cÕQLE�c U G
PRGONLH D ?ÖGWaÃHÖAIN8cÖcÖGI?ÖGWaÃ@BJ�cÖGIJ
H#@�c0Z EF?ÖQnP�c U GRa�N8c¤Ng+�Z�j9cÖce@�J
þ]c U GÀa�N8c¤N]ceQòNHÖAIN ^ @�J
þ]EFQn?ÖPÜg � @�c U @BJ
c U G;NLAWA D ?ÖNLAWZÜQLE=c U Gsa�N8ceN9K
c U G�AW?Ö@�cÖ@BAIN ^ G �ÊýXQnJ
GIJ�cÖHjQ3+
H#GI?%VnGIa N8?ÖGËAIQnJ9HÖ@BH%ceGWJdcN�1@�c U ý
?#GWVu@BQ D H ^ @Bþ U c
HÖAIN8cÖcÖGI?#@BJ
þðPRGONLH D ?ÖGWPÀGWJ�ceHIg � G�?#GIýXQn?#cÖGIa c U G�N.+
H#Q ^BD cÖG � � ?eNOZÃH#AON8c#ceGW?Ö@BJ9þðAI?ÖQLHÖH�HÖGWAWcÖ@BQnJåQLE1c U G

?



10
−3

10
−2

10
−1

q (AY −1
)

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
1

10
2

10
3

10
4

(d
as

he
d)

 p
h/

sp
ec

kl
e/

τ 
   

   
   

(s
ol

id
) 

ph
/s

/s
pe

ck
le

∆
Z

T = 1 C
∆
Z

T = 0.1 C
∆
Z

T = 0.01 C
∆
Z

T = 1 C
∆
Z

T = 0.1 C
∆
Z

T = 0.01 C

÷$Û«³jÑÓìLÑg´5¶�  ´ £   Ô ÅºÄeµ0  Ô Æ Ä¤¸Oµ0µ0 ¤£%Åº½d¾ £%¸Oµ0 �ÆÕÇB��£Õ½�ÁÍ¶�  Ì ¸�½d ¸�½ Ô ½dÅ�µ0£ � ¢  �½ Ï  �½d ]Ç���£�Äe�[¶� ¤£  �½8µ�Äe�[½ Ô Å�Á
µ Å��[½dÆ � Æ0�[¹ºÅ Ô ª ÇB��£ Ô Å\[
 ¤£  �½8µ ] ^ ä_^a`b^ � ÑÍ´5¶d �Æ%Ä¤¸Oµ0µ0 ¤£%Åº½�¾ £#¸Oµ0  ´  ¤£ÝÆ ´  �Ä ãn¹�  ´  ¤£RÄe��£ £  �¹º¸Oµ Åº�[½ µ Åº¡Ò 
� Ô ¸�Æ ¶d  Ô ª Ñ

PR@L�uc D ?#GjN8J
a�AIQLPÀý�N8?ÖGIaÕ@�c¼ceQ�NLJ�NLý
ý
?#Q��Ê@�PÕN8cÖGTc U GIQL?ÖGWcÖ@BAIN ^ G&�Êý
?ÖGWHÖHÖ@�QnJ4g M�U GÒN8ý
ý
?ÖQnNLA U @BH U G ^ ý9E D
^
ceQ�a9GWceGW?ÖPR@BJ
G�þnQuQÊa�AINLJ
a
@�a�N8cÖGIH�EFQn? � � \�b�g M�U @�HÒý�NL?%ce@BA D
^ N8?�PR@L�uc D ?ÖG;@�HjVnGW?#Zòý
?ÖQnPR@BH#@BJ
þÀa D G�cÖQ
@�cÖH U @Bþ U � � ?ÖNOZ�AIQLJdcÖ?eNLH%c�NLJ
aÀNLAIAWGIHÖH#@�+ ^ G�AIQn?#?ÖG ^ N8cÖ@BQnJ�cÖ@BPRGIHIKB� U @BA U PÕN _ GIH5@Ðc5NÒþnQÊQua�AON8J
a
@Ba
N8ceG¦EFQn?
� � \�b�g � G�N ^ HÖQ�+�G ^ @BG�VnG;c U N8cjQLc U GW?�� D @�aðPÀ@Û�uc D ?#GIH�N8J
a£+
@BJ
NL?#ZN ^�^ Q�ZuHN�1@�c U NÕAIQLJ
HÖGW?#VnGWa QL?Öa
GW?
ý�NL?ÖNLPRGWceGW?M�1@ ^�^ HÖAIN8cÖcÖGI?TH D ¡RAI@�GIJ�c ^ Z�ceQRH#c D a9Z]AW?Ö@�cÖ@BAIN ^ a9ZuJ�NLPR@BAWH1@BJÜNRJ9G5� ?ÖNLJ
þnGËQLE��¦NOVLGWVnGWAWcÖQn?ÖH
ý
?#GWVu@BQ D H ^ Z�@BJ�NLAWAIGWHÖHÖ@7+ ^ G8g

x
�IcO�0	Ld |ruM�fe ® uM�,� }

� GjNL?ÖGTþn?#GON8c#E D
^ EFQn?¼c U GjH D ý
ýXQn?#c�NLJ
aÕNLHÖH#@BH%c¤NLJ
AWG�QLE T NL?#Q ^ a�ÆË@7+
HÖQLJ4K M ?#Z ± GIJ9þ É ? D ZLK � N ^ ceGI?
± Q���G8K M�U QLPÕNLH�b9N8J
A U GKWÕNLJ
a > ?ÖJ
GWH#c � @ ^B^ @rNLPRHIg � GRNLA _ J
Q�� ^ GIa
þnGÀH D ý9ý�Qn?%c D J
a
GW? S b µ ÆÒ?eN8Jdc
S Q9g C�C Y ? : � �h9 :.: 2 K C Y > b D ý
ýXQn?#cÜc U ?ÖQ D þ UÚT Q@��NL?#aá°�J9@�VnGW?ÖH#@�c0ZnKËN8J
a c U G a
QnJ
Qn?#HQ8E;c U G
� G�ce?#Q ^ G D P Y GIHÖGINL?ÖA U�µ`D J
a4K�NLa
PR@BJ
@�H#ceGW?ÖGWa>+�Z c U G < PRGI?Ö@�AONLJ \ U GWPÀ@�AON ^ bÊQÊAW@BG�c0Z D J
a
GW?JÆÒ?eN8Jdc
< \�b � � Y µ'S Q F : � 2 H � < \ ! gQ°�HÖG;QLE{c U G < a9V8NLJ
AIGWa �-U QLceQLJ bÊQ D ?#AIGi�¦NLH�H D ý9ý�Qn?%ceGWa£+dZ]c U G8°sg�b�g
C GIý
NL?#cÖPÀGWJdcsQLE > J
GI?#þLZnK f NLH#@BA > J
GI?#þLZ bÊAW@BGIJ9AIGIHWK�Y�¡RAIGRQLE > J9GI?Öþ8Z Y GWHÖGON8?ÖA U K D J
a
GW?�\�QnJ�cÖ?eNLA�c
S Q9g � � F � � � 2 ? � >5S Æ � F3( g

x
QQuM�O� � ¬yx

� G�H#@BP D9^ N8cÖGsc U G�ý
?ÖGWa
@BA�ceGWa*� D ��EFQL?�Q D ?�A D ?Ö?#GIJ�cËQný9cÖ@BAIN ^ AWQnJkj�þ D ?eN8cÖ@BQnJ D HÖ@�J
þ�c U G�ý9?ÖQnþn?ÖNLP
� Y � � �@!$# g M�U G�HÖýXGIA�ce? D P�@BH�þLGIJ
GW?eN8cÖGIa�+�Zòc U G D J
a D
^ N8ceQL?jAON ^ A D9^ N8cÖ@BQnJPÀQua D
^ G;QLE � Y � K � °�b�K
NLJ
aRc U GWJ,j ^ ceGW?ÖGIaO+�ZÀNsAWQnPÀPR@BH#HÖ@�QnJ
@BJ9þA�1@BJ
a
Q��ËKdEFQ D ? f GQ�1@BJ
a9Q@�1H¼QLE : H 9i1 PKdN : H 1 P c U @BA _ < ^
EFQn@ ^ NLJ
aEFQ D ? � : !O1 P f Gi�1@�J
a
Q��1HIg M�U G < � bý�NL?ÖNLPÀG�ceGW?ÖHTPÀGINLH D ?#GIa�@�J Y GWE g�� � G # NL?#G D H#GIaòEFQn?
c U G�HÖ@BP D
^ N8cÖ@BQnJ$g M�U G�ý�GIN _ H#ý�GWAWce?ÖN ^ � D �RN8c �3� _ G ÿ @�H �3n ( � o � 2 êÍî ý U p H p 2 g �@º f � N8E cÖGI?�c U G D J
a D �
^ N}ceQn?WK �3nç9 : o � 2 êÍî ý U p H p 2 g ��º f � N8E cÖGI?�c U GÒAIQLPÀPR@BH#HÖ@BQLJ
@BJ
þi�1@BJ
a9Q@�ËK �3n : ? o � 2 êÍî ý U p H p 2 g �@º f �

� 2



N8E cÖGI?�c U G'EFQ D ?[+�GINLP ^ @BJ
G f Gª�1@�J
a
Q��1HIK �3nL�h9 o � 2 êÍî ý U p H p 2 g �@º f � N8E cÖGI? c U G < ^ EFQn@ ^ KÕN8J
a
�3n 2 ( o � 2 êÍî ý U p H p 2 g �@º f � N8E ceGW?�c U G�EFQ D ?D��@�þ U c�ý�N}c U �1@�J
a
Q��1HIg M�U @�H�HÖýXGIA�ce?ÖN ^ � D ��� U GIJ�HÖAIN ^ GWa
EFQn?¦c U GËPÀQnJ9QÊA U ?#QnPÀN8ceQn?w+�NLJ
a
ý
NLHÖH ) ¹ � ¹�� �3nç9 o � 2 =¿U � � ( # Zu@BG ^ a
H1N�ý
?ÖGWa
@BA�ceGWaòPRQnJ
QuA U ?ÖQnPÀN8cÖ@BA
� D ��QLE �.n H � o � 2 ê0ê ý U p H p � 232 P < @�J]N � 2.2 1 PÕo � 2.2 1 P NLýXGI?#c D ?ÖG8K F H PáEF?ÖQLP c U GsH#Q D ?#AIGLg

�3�



g hjikh g h l mfhPn

� �K# b�g f ?eN D GW?IK Æ�g�bdceGIý U GIJ
H#QnJ4K C g�b D cÖcÖQnJ4K Y g f ?�oD J
@�J
þ
K > g C�D EF?ÖGWHÖJ
G8KXb�g C QuA U ?#@BGLKãÆÝg�ÆË?poD +�G ^ K
q9g < ^ H � S @BG ^ H#GIJ4K9NLJ
a C g < +XGI?#J�N8c U ZLK �-U ZuHIg Y GWVXg ± GWcÖcIg r s�K : 2 � 2 � � ?3? H ��g

� : # b�g C @BGI? _ GW?IK Y g � @BJ
a
N _ K Y g µ�^ GWPÀ@�J
þ
K % g Y Q3+
@�J
HÖQnJ$K�NLJ
a ± g f GI?ÖPÀNLJ4K �5U ZuHIg Y GWVXg ± G�cÖcOg r t K
939 ? � � ?3? H ��g

� F # M g M�UdD ?ÖJ � < ^ +
?ÖGWA U cOK � gXbuceG ¨$GWJ4K < g � N8c _ Q��1H _ @lK Æ�g C GI@�GI?WK > g µ @BHÖA U GI?IK)Æ�g ÆÒ?poD +XG ^ K9NLJ9a C g
< +XGI?#J�N8c U ZLK �5U ZuHIg Y GWVXg ± GWc#cOg rGr K H 9 F ! � � ?3?3G ��g

� 9.# q9g C NL@BJ�Vu@ ^�^ G8K µ g f�^ G�ZnK µ g ± @�VLGWcIK > g�ÆÒGI@BH#H ^ GI?IKuq9g ± GIþL?eNLJ
a$K C g < +�GW?ÖJ�N8c U ZnK©Æ�g{ÆÒ?poD +XG ^ K{b�g
C QuA U ?Ö@�GLK`NLJ9a C gXb D cÖcÖQnJ4Kvq9g < ý
ý ^ g�\�?#ZuH#ceN ^B^ Qnþn?Ig w x�K ( : ( � � ?3? ! ��g

� H # b�g C QuA U ?Ö@�GLK < g C NOZnGIHWK < g$b9NLJ9a9ZnK C g4b D cÖcÖQnJ4K$b�g f ?eN D GW?IK�ÆÝg�bucÖGIý U GWJ
HÖQLJ4K C g < +XGI?#J�N8c U ZLK
NLJ
afÆ�g ÆË?poD +�G ^ K �-U ZuHWg Y GWVXg ± GWc#cOg r y K � : ! H � � ?3? ! ��g

� G # Y�g M H D @=N8J
a�bXg C QÊA U ?Ö@BG8K �-U ZÊHWg Y GWVXg > t r K : 2 F 2 � � ?3?.( ��g
� !$# < g � QLJ
@BG �1@BGI?#H _ @lK Y g T Q ^ ZuH#cIK < g � ?#@BAIG8K ± g$bÊQn?#GIJ
H#GIJ4KÓbXg É GWV8NLJ$K$NLJ9azq9g M QnJ
GW?IK �5U ZuHIg Y G�V�g

> tGy K : 2 : ! � � ?3?3( ��g
� ( # C gÊb D c#ceQnJ$K
b�g C QuA U ?#@BGLK M gkÆË?#GWZdc¤N _ K9b�g S NLþ ^ GI?WK ± g f GW?ÖPÀNLJ4K¢Æ�g T G ^ a4KÊNLJ
a0Æ�gubucÖGIý U GWJ
HÖQLJ4K

S N}c D ?#G wGtG{ K G 2 ( � � ?3? � ��g
� ? # f g8\ UdD K |0} ~�^ ] | ��� � aV� _ } aca ^ ] � ` � � �L} ~ � _ � ] � ` _ ���)b ^�~ }.` � � ] } _ a�� _P^ K : J
a;GWa4gk� < AINLa
GWPÀ@�A � ?ÖGWHÖHWK

f QnH%ceQnJ$K M Qn?#QnJ�ceQ
K � ?3? � ��g
� � 2 # < g C N ^ @ _ K < g$b9NLJ
a9ZLK ± g ±�D ?#@BQ
K Æ�g4bdceGIý U GIJ
H#QnJ4KÓbXg C QuA U ?Ö@�GLK % g C A S�D
^ c0ZnK$NLJ
a C g$b D c#ceQnJ4K

H D +
PÀ@ÐcÖcÖGIa�ceQ �-U ZÊHWg Y GWVXg ± GWc#cOgm� D J
ý D + ^ @BH U GIaã��g
� �3�K# > g C�D EF?ÖGWHÖJ
G8K �-U g C g
c U GIH#@BHWK C A�ÆÒ@ ^�^ °�J9@�VnGW?ÖH#@�c0ZnK � ?.? H g
� � : # b�g � T gX\ U GIJ4KX\jg � \jg ± NL@ØKGq9g Y Q D A U K`NLJ9a � g M N8?#c¤N8þ ^ @BN9K �-U ZuHIg Y G�VXg < { r K � 2 (3G � � ?3(.F ��g
� � F # � g C N8PÕNOZnK µ g ± GIA ^ GI?#AK�`K`NLJ
a � gX\ U @BG D �$K �-U ZuHIg Y G�VXg f svx�K 9 G3?.G � � ?3(3? ��g
� �h9.# Ü g % W D PR@lK �-U ZuHIg Y G�VXg < wG� K H ( : G � � ?3(.? ��g
� � H # b�g T GIJ
a
GW?ÖH#QnJ4K�q9g < ý
ý ^ g`\�?%ZÊH%cOg {Gy K ( : 2 � � ?3? H ��g
� � G # � g %0^ @BJ
H _ @ØK Y g�q9g C G«Ã D HWK > g�Æ ^�D H _ @BJ$K�NLJ9a M g % g C Qn?Ö?#@BHÖQLJ4K=@�J����)a�� _�~ � � ] � ��� � � � ] ��� � a ` ^�~�~

� d ` _ � ] � a ] �$` � } ��� } a�� �$`N� ^ }�� b�� ` ^�~ ��� �Øb ��% > K M�U G % J�ceGI?#J�N8cÖ@BQnJ bÊQuAI@�GWc0ZÜEFQn?iY�ý9ce@�AON ^=> J
þn@ �
J
GWGI?Ö@�J
þ
K � gÄY�g f Qh� � 2 K f G ^�^ @BJ9þ U NLPÜK � NLH U @�J
þLcÖQnJ ?3( :.: ! � 2.2 � 2 °�b < K � ?.?3G ��K ÿ Q ^ g : ( H G KXý
ý4g
� G � : H g

� �@!$# C g�b�g5a
G ^ Y @BQ NLJ
a Y g�q9g C G«Ã D HWK�@BJ � } a ^ ] � } b ~ � � }.` � � } _ a �¢] � ` ��� }.` � �[^ } ~��"]4^ � ^ ` a ~ � � ]
� d ` _ � ] � a ] �$` � } ��� } a�� �$` � � ]&] � ]�~ �lb � % > K M�U G % J�ceGW?ÖJ�N8cÖ@BQnJÀbÊQuAI@�GWc0Z�EFQL? Y�ý9ce@�AON ^�> J
þL@BJ
GWGI?Ö@�J
þ
K
� gÄY�g f Qh� � 2 K f G ^�^ @�J
þ U NLPÜK � NLH U @BJ9þLceQnJ ?.( :3: ! � 232 � 2 °�b < K � ?3? ! ��K ÿ Q ^ g F � H : K9ý
ý$g �h9 ( �)� H ! g

� � ( # b�g f ?ÖN D GW?IK)Æ�g`buceGWý U GWJ
HÖQnJ$K�N8J
a C gXb D cÖcÖQnJ4Kvq9gXbuZuJ
A U g Y NLa4g { K � G3F � � ?3? H ��g

� :


